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NOCTURNAL ASTHMA IN CHILDREN 
W.M.C. van Aalderen 

STELLING EN 
I. Yerslechtering van de 08.00 uurs PEFR-waarde bij kinderen met CARA is een 
indicatie voor toename van de nachtelijke bronchusobstructie. 
2. Een PC 
111 
hi�tamine is even reproduceerbaar als een PC20 hi�tamine bij de bepaling van 
de mate van bronchiale hyperreactiviteit bij allergische kinderen met CARA. 
3. De ernst van nachtelijke bronchusobstructie wordt door kinderen met CARA en hun 
ouders onderschat. 
4. Toegenomen nachtelijke bronchusobstructie bij allergische kinderen met CARA 
wordt, in tegenstelling tot bij volwassenen met CARA, niet veroorzaakt door toename 
van de parasympatische activiteit. 
5. De adrenerge respons na inspanning bij allergische kinderen met CARA is omgekeerd 
evenredig met de ernst van de ziekte. 
6. Het staken van onderhoudsmedicatie bij allergische kinderen met CARA kan aanlei­
ding geven tot verslechtering van de longfunctie 's nachts, waardoor de klinische 
verslechtering pas laat herkend wordt. 
7. Een "happy wheezer" kan moeilijk "gewoon happy wezen". 
8. Ook bij jonge kinderen met CARA zijn beta-receptoren aanwezig en functioneel. 
9. Zieke kinderen die tachycard, tachypnoeisch en perifeer slecht gecirculeerd zijn, zijn 
in shock tenzij het tegendeel bewezen is. 
10. Het inzichtelijk maken van het rookgedrag van nederlandse huisartsen heeft binnen 
enkele jaren geleid tot een halvering van het aantal rokers binnen die groep. 
I I. Gezien de toename van operatieve mogelijkheden valt het te verwachten dat er bij 
kinderen van moeders met een gecompliceerde congenitale hartafwijking, een grater 
herhalingsrisico van gecompliceerde congenitale hartafwijkingen bestaat dan nu 
bekend is. 
12. Bronchiolitis bij oudere wigelingen is een uiting van CARA. 
Groningen, 22 maart 1989 W.M.C.van Aalderen. 
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Claude Bernard described the concept of homeostasis of an organism in 1865.1 This 
French investigator indicated that the internal milieu of an organism is kept constant by 
several regulatory mechanisms which maintain a steady state. Around this mean state, 
however, the functions of an organism fluctuate. In fact, these fluctuations represent 
natural and probably genetically determined rhythms. These rhythms have been docu­
mented on all levels of physiological organization from unicellular organisms up to 
mankind. 
In man, several different rhythms can be observed and the period of these rhythms 
may differ widely, for instance, from cycles of fractions of seconds in the electroence­
phalogram up to cycles of about one year in duodenal ulcers. 
The study of alterations of each organism's temporal structure in various situations 
is called chronobiology.2 
Biological rhythms mainly consist of cycles of about 24 hours (circadian) and of 
about one year (circannual). Also other bioperiodicities, e.g. of less than 20 hours 
(ultradian), approximately 7 days (circaseptan), 20 days (circavigintan), or 30 days 
(circatrigintan) are recognized. Periods of more than 28 hours are called infradian. 
Although cyclic changes in organisms have been known for centuries, it was the 
French astronomer J.J. de Mairan who reported in 1729 that the circadian changes of 
the heliotrope, a flower, persisted in constant darkness.3 
Cyclic variations only partly reflect the endogenously determined rhythm. External 
factors, the so-called synchronizers, time cues, or "Zeitgebers", adjust the endogenous 
rhythms in such a way, that they remain in phase with their surroundings. For clear-cut 
identification of an endogenous rhythm, this rhythm must be studied under constant 
environmental conditions, and after removal of any known synchronizer. Under these 
conditions the period of the rhythm usually deviates from that of the synchronized 
environmental cycle. This phenomenon is called free-running.4 
It is important to realize that synchronizers are only capable of changing the 
expression of the rhythm, they do not create rhythms. 
Rhythms are present at birth, and are stable during adulthood. The amplitude of a 
rhythm (i.e. the difference between the highest and lowest value of a cycle expressed as 
percentage of the highest value) may decrease with age as has been shown for 
potassium excretion and growth hormone levels. Some rhythms even disappear. Other 
rhythms continue throughout life, for instance the rhythm in plasma cortisoJ.5 
After initial observations of circadian variations in plants, wide-ranging research in 
the field of chronobiology started. 
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1.2. Circadian rhythm in pulmonary function in asthmatic patients 
A circadian variation in pulmonary function, with peak and trough values at 16.00 and 
04.00 hours respectively, exists in diurnally active normal subjects, and in asthmatic 
patients (patients with sudden attacks of diffuse, but reversible airflow obstruction).6,7 
The activity-sleep schedule is one of the main synchronizers of circadian rhythm in 
man. The diurnal rhythm in peak expiratory flow rate (PEFR) values in normal people 
has a mean amplitude of 8%.7-9 A similar circadian rhythm is observed in asthmatic 
patients, but with a greately enhanced amplitude. The mean PEFR is generally below 
predicted. This is usually associated with a reduction in both peak and trough values, 
but is sometimes produced solely by a fall in overnight peak flow rates. This shows that 
nocturnal asthma represents an exaggeration of the normal rhythm in airway dia­
meter.7, 10 
Nocturnal and early morning dyspnea are common symptoms in children and adults 
with asthma.11-13 Episodes of dyspnea occur about 40 times more frequently overnight 
than during the day.14 The nightly increase in airflow obstruction is observed in one 
third of the patients with asthma. 13 It is an annoying symptom, which causes the 
patients to wake up at night, and in children may lead to poorer performance at school. 
Nocturnal dyspnea may prove difficult to treat.13,15 In adult asthma, the nocturnal 
increase in airflow obstruction is found to be a risk factor for death.16-IS 
An increased nocturnal airflow obstruction has already been described in the fourth 
century AD.19 Since then, many reports have been written on the subject. In the 17th 
century Willis attributed it to the bedclothes overheating the blood, necessitating a 
"more plentiful sucking in of air".19 In 1698 Flayer found that his attacks were exclusi­
vely nocturnal for over seven years and in 1827 Laennec described a patient whose 
attacks only occurred if his night-light went out. 19 In 1868 Trousseau described 
nocturnal asthma in both himself and his mother.19 In the fourties and fifties of the 
present century, research into determinants of nocturnal asthma began, to which the 
Groningen group contributed. 
Although nocturnal dyspnea in asthmatics has been recognized for ages, it is only 
recently that some insight has been obtained in endogenous factors underlying the 
nocturnal fall in pulmonary function, such as circadian variation in bronchial hyper­
responsiveness, the autonomic nervous system, and exogenous factors such as 
exposition to allergens, gastroesophageal reflux, mucociliary clearance, and body 
position. 
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1.3. Factors contributing to an increase in airflow obstruction overnight 
1.3.1. The awonomic nervous system 
The airway diameter is under control of the autonomic nervous system consisting of the 
parasympathetic nervous system, the orthosympathetic nervous system, and the non­
adrenergic, non-cholinergic nervous system (NANC). 
The parasympathetic system 
Resting airway calibre is influenced by vagal tone.20 Stimulation of irritant receptors in 
the walls of the trachea and the large airways excite the efferent fibres of the para­
sympathetic bronchoconstricting nervous system. The efferent fibres run in the vagal 
nerve up to the nicotinic receptor in the parasympathetic ganglia in the wall of the 
bronchial tree. From this ganglion, post-ganglionic fibres lead to bronchial smooth 
muscle and mucosa! glands.21 The neurotransmitter of this muscarinic receptor is 
acetylcholine. The bronchoconstricting effect of acetylcholine can be blocked by 
atropine or atropine-like substances, e.g. ipratropium bromide. 
Vagal stimulation causes bronchial constriction and hypersecretion of the mucus 
glands. Stimulation of muscarinic receptors, also present on mast cells, increases 
release of mediators from these cells and thereby enhances permeability of the airways 
leading to edema, inflammation, and airflow obstruction. 
Not only the airways, but also the human heart is under vagal control. The heart 
shows a circadian rhythm, with its lowest frequency between 02.00 and 06.00 hours at 
night.22 Direct measurements of parasympathetic activity in humans is not possible for 
ethical reasons. Changes in heart rate (HR) and a parameter that is more closely related 
to vagal tone, sinus arrhythmia gap (SAG), reflect the vagal activity.22-23 These 
parameters are therefore frequently used to measure parasympathetic activity. 
In non-allergic patients with chronic obstructive lung disease, Postma et al.9 
observed an overall increase in SAG in comparison with their matched healthy 
controls. This same phenomenon was found in asthmatic adults.24 These studies 
describe an increase in SAG overnight in the patient groups, suggesting a nocturnal 
increase in vagal activity that could be responsible for the increased airflow obstruction 
overnight. 
Although recent investigations suggest that anticholinergic drugs may prevent 
nocturnal dyspnea in adults with asthma,25.26 the results of other studies, e�pecially in 
children, do not agree with this observation.27-29 It is thus still questionable whether the 
parasympathtic nervous system in asthmatic children is involved in increased airflow 
obstruction overnight. 
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The orthosympathetic system 
In contrast to the parasympathetic nervous system, sympathetic innervation of the 
airways is scanty, with no direct adrenergic supply to airway smooth muscle-30-32 
Adrenergic nerves may, however, modulate bronchomotor tone indirectly, via an effect 
on cholinergic nerves and ganglia. Alpha- and beta-adrenergic receptors are in this 
respect the most important parts of the orthosympathetic system. In normal subjects, 
both systems contribute little to the regulation of the airway diameter. 
The alpha-adrenergic system 
Alpha 1 -receptors are present in the normal human lung.33 The role of this group of 
receptor!> in regulating the diameter of the bronchi in asthmatic patients is contro­
versial)-1.35 Although asthmatics exhibit an exaggerated bronchoconstrictor response to 
inhaled agonists. the issue of circadian differences has not been specifically addressed. 
The beta-adrenergic system 
The beta-adrenergic !>ystem can be regarded as a counter- regulatory system that may 
lead to bronchodilatation in asthmatic patients.36-39 
The beta-adrenergic system consists of circulating catecholamines, and the beta­
receptor adenylate cyclm,e complex. Adrenaline is secreted by the adrenal medulla, 
noradrenaline is primarily released from axon terminals of sympathetic postganglionic 
neuron�. and appears in the plasma mainly as a result of overflow of sympathetic nerve 
activity. The!>e hormones, as well as Bradrenergic drugs, play an important role in 
�timulating the beta-receptor adenylate cyclase complex. After binding to the receptor 
on the outer surface of the plasma membrane, the adenylate cyclase on the inner surface 
i!> activated, thereby !>timulating the conversion of ATP to c-AMP, thus starting a cycle 
of reactions ultimately leading to relaxation of the bronchial smooth muscle. 
Catecholamines 
Even though the resting pla!>ma adrenaline level is not elevated in asthmatics,40 the fact 
that bronchocon!>triction develops with beta-blockers suggests a protective role of 
adrenaline in airflow ob!>truction. 
A circadian rhythm in urinary catecholamines has been observed in normal 
!>ubjects.-1 .-12 with lowest values found in the period from 23.00 to 07 .00 hours. A 
comparable observation wa!> made in asthmatic patients by Soutar et al.4\ and Barnes et 
a1.-1°, showing a circadian variation in circulating catecholamines. In the latter study, 
both patient!> with asthma and their controls showed similar adrenaline values at all 
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points in time. The asthma group showed an increase in circulating histamine at the 
nadir of the circulating adrenaline level. This negative correlation between histamine 
and adrenaline did not exist in the control group. Moreover, after adrenaline infusion in 
the asthmatic group in  low concentrations at 04.00 hours, compensating for the 
nocturnal decline in adrenaline, plasma histamine concentrations fell, coinciding with a 
rise in P EFR values. This suggests that a reduced inhibition of histamine release from 
sensit ized mast cells by adrenal ine might underlie the nocturnal fall in pulmonary 
function in asthma. 
In a group of non-allergic patients with chronic obstructive lung disease, and 
decreasing FEY I values overnight, Postma et al.44 observed a decline in nocturnal 
adrenaline and noradrenaline urinary excretions. This decline was also found in the 
control group. Both adrenaline and noradrenaline excretion were, however, signi­
ficantly reduced compared with the controls, indicating that in non-allergic older 
patients impaired adrenaline secretion may lead to increased airflow obstruction. But 
the increased airflow obstruction overnight does not appears to be the result of a fall in 
catecholamines overnight. 
Beta-adrenergic receptor function 
Since Szentivanyi postulated that a generalized beta-adrenergic dysfunction underlies 
the pathogenesis of asthma,45 different studies have shown that reduced metabolic and 
card iovascular reponses to catecholamines may exist in asthma.46·48 Furthermore, 
reduced beta-adrenergic receptor numbers or function have been observed in leukocytes 
and lung tissue.49·53  Nevertheless, this reduced beta-adrenergic receptor function is 
probably not intrinsic to the disease, but may be elicited by external factors such as 
viral respiratory tract infections. allergen exposure, or frequent use of beta-adrenergic 
drugs.54-60 
Studies concerning the role of the beta-receptor function in nocturnal asthma show 
conflicting results. 
Titinchi et al.,6 1 showed a circadian variation in lymphocyte beta-adrenergic receptor 
densi ty of asthmatic patients, with a relatively low density at 08.00 hours and a 
relatively high density at 1 8.00 hours. This circadian variation wa� also observed in a 
normal control group. 
In lymphocytes of non-allergic patients with chronic airflow obstruction, Meurs et 
al.62 observed no significant d iurnal variation in beta-adrenergic receptor number 
(measured at 08.00 hours during the fall in lung function in the morning, and at 1 6.00 
hours when lung function is maximal), neither in the patients group, nor in the controls. 
A similar result was obtained for the isoprenaline-induced cAMP production. As these 
patients and normals were somewhat older (mean age 53 years) as studies in asthmatic 
patients, this suggests that the circadian rhythm of beta-adrenergic response alters with 
age. 
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Although differences in circadian variation in receptor density are observed in 
different patient populations, any decrease in receptor density does not seem not to be 
of major importance to nocturnal asthma since Barnes et a!.63 showed that the airway, 
cardiovascular, and plasma cAMP responses after incremental infusions of adrenaline, 
measured every 4 hours over 24 hours, were s imilar at all times of observation, 
indicating that there is no evidence that responses of the airways to infused or inhaled 
adrenaline are impaired during the night-
The non-adrenergic, non-cholinergic nervous system 
Next to the autonomic parasympathetic and sympathetic nervous systems controlling 
the level of airway tone in asthmatic patients, the non-adrenergic non-cholinergic 
nervous (NANC) system, which is present in animals and humans, contributes to the 
bronchial smooth muscle tone.64 
This system consists of components with an inhibitory or excitatory influence on 
human airway smooth muscle. NANC fibres probably constitute the only direct 
inhibitory innervation of human airway smooth muscle.65·67 As in parasympathetic ner­
ves, NANC nerve f ibres run via the vagal nerve and synapse of ganglia in the walls of 
the larger airways. The neurotransmitters of this inhibitory system are probably 
vasoactive intestinal peptide and the peptide histidine isoleucine.68·70 
Excitatory nerves of this system have been identified in various animal species as 
well as in humans.7 1 NANC-airtlow obstruction is due to release of neuropeptides (e.g. 
substance P and other tachykinins, neurokinins, neuropeptide K, and Calcitonine gene­
related peptide) from C-fibre endings.72 Barnes proposed that when these sensory 
endings were more exposed to epithelial-cell-damaging inflammatory mediators, an 
axon reflex might be triggered, resulting in smooth muscle contraction, microvascular 
leakage, and mucus hypersecretion.73 
Untill now, no studies have been performed to investigate the relation between 
increased airflow obstruction overnight and the NANC nervous system. 
1 .3 .2. Bronchial hyperrespo11sive11ess 
Bronchial hyperresponsiveness is defined as the abnormal sensitivity of the airways to 
physical, chemical, and pharmacological stimuli,74 and is a characteristic feature of 
asthmatic patientsJS.76 De Vries et al. 77 and Tammeling et al.78 were among the first to 
demonstrate an increased bronchial hyperresponsiveness on histamine challenge during 
the night at 20.00, 24.00 and 04.00 hours in "asthmatic" and "bronchitic" patients with 
nocturnal dyspnea. Forced expiratory values in one second (FEY 1 ) were lowest at 24.00 
and 04.00 hours. Investigations by Reinberg et al.79, using acetylcholine, confirmed this 
circadian rhythm in bronchial hyperresponsiveness in asthmatic patients. 
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As both bronchial hyperresponsiveness and airflow obstruction increase at night, 
the question arises whether an increase in bronchial hyperresponsivenes1, at night may 
be the result of increased airflow obstruction. In non-allergic "emphysematous" 
patients, Sluiter et al.HO showed an increase in bronchial hyperresponsiveness during the 
night, while nocturnal FEY I values remained at day-time levels, suggesting that in 
these patients bronchial hyperresponsiveness was independent of the level of airflow 
obstruction. Another explanation for this observation, however, might be that the 
airflow obstruction in these patients is already severe and, more importantly. irreversi­
ble. Moreover, findings may be different in allergic asthmatic patients. 
The precise mechanism underlying hyperresponsiveness of asthma i!> unknown. 
The possibility that airways inflammation could be related to the development and 
maintenance of the bronchial hyperresponsiveness in asthma has been the subject of 
increasing research in recent years. Inflammation of the airways may create conditions 
that have themselves been proposed as possible mechanisms of hyperresponsiveness. 
such as bronchial edema, mucosa( hyperpermeability, exposure of epithelial �emory 
nerve endings, and the release of mediators, such as histamine.74 
Both histamine and serotonine, amine-derivates of histidine and tryptamine, have 
for a long time been known a bronchoconstrictors. Histamine is known to be a 
constituent of mast cell granules and of other mediator cells. This mediator may be 
released in the lung, or it may act on airway smooth muscle following sy1>temic 
degranulation. The mast cell seems also to play an important roll in bronchial 
hyperresponsiveness, as the level of histamine released from the!>e cells in vitro i� 
correlated with the degree of airway hyperresponsivene!,S, as assessed by PC20 
histamine.8 1 Moreover, the pulmonary mast cell in situ response to inhaled allergens i� 
greater in allergic asthmatics than in normals, as measured by histamine and trypta�e 
levels in the broncho-alveolar lavage fluid.82 Baseline or spontaneous mast cell 
activation appears also to be greater in allergic asthmatics. In contrast to histamine, 
serotonin is only a mild bronchoconstrictor, and like histamine leads to vasodilatation. 
1.3 .3. Serum cortisol levels 
Corticosteroids are well-known for their beneficial effects in restoring pulmonary 
function in severe asthma attacks. The circadian variation in !,erum cortisol levels has 
long been recognized. Although decreasing cortisol levels during the night precede the 
nocturnal fall in FEY I values in asthmatic patients, and a relationship i1> assumed 
between them, Soutar et al.83 showed that cortisol infusion did not abolish the nocturnal 
fall in pulmonary function. Moreover, Postma et al.9 observed comparable cortisol 
levels in non-allergic patients with chronic obstructive lung disease (patients with 
persistent, but variable airflow obstruction) with an increase in nocturnal airflow 
obstruction, and their matched normal controls. These observations suggest that the 
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nocturnal fall in endogenous cortisol can not be regarded as the primary cause of 
nocturnal asthma. 
1.4. Exogenous factors contributing to increased airflow obstruction overnight 
I .4. / .  Allergen exposure 
Immunoglobuline E is the major immunoglobulin of allergic diseases, including 
allergic asthma. Large circadian variations in total immunoglobulin E have been found 
in allergic asthmatic patients.84 Plasma lgE is highest at midday and lowest during the 
night. The day-night difference is presumably indicative of a temporal difference in 
tissue-bound IgE, where low plasma IgE levels at night presumably coincide with 
elevated tissue-bound IgE, indicating that mast cell degranulation, and inflammatory 
reactions in the lung, may increase overnight. 
It is generally accepted that intensive contact with mites in the home and in 
beddings may lead to early and late obstructive reactions (EOR, LOR respectively).85.86 
Furthermore, inhalation of allergens may result in increased nocturnal airflow 
obstruction for many nights.R7,88 On the other hand, reduction of allergen concentration 
has been shown to decrease, but not abolish, bronchial hyperresponsiveness and early 
morning dyspnea.89 This indicates in allergic asthmatic patients that exposure to 
allergens is important for the development of nocturnal airflow obstruction. In 
asthmatic patients, Gervais et al.9° observed that the fall in FEY I values after a similar 
dose of inhaled allergens overnight was greater than during the day, indicating that an 
increased responsiveness of the airways overnight to allergens in this group of patients 
may also contribute to nocturnal asthma. 
In non-allergic patients with chronic airflow obstruction, nocturnal dyspnea may 
also be an annoying symptom.9 This shows that exposure to allergens is certainly not 
the only factor that determines the nocturnal fall in pulmonary function. 
1.4.2 . Sleep 
Studies in asthmatic subjects working in a shift system showed that the rhythm in PEFR 
values adjust after shift change. The PEFR values are lowest on waking, irrespective of 
the actual time of day. The individual time of adjustment may vary considerably.9 1 Five 
asthmatic patients doing shift work showed rapid adjustment after shift change, so that 
the rhythm in PEFR had fully adjusted to the change in shift by the time the first 
normal sleep had taken place after the shift change. This might suggest that sleep itself 
is responsible for the fall in PEFR values noted on waking. Subsequent studies in a 
further 9 patients showed, however, that some individuals adapt more slowly. 
These findings and many clinical observations suggest that nocturnal dyspnea is 
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related to sleep. On the other hand, airflow obstruction in asthmatics with nocturnal 
dyspnea is not directly reversed after waking up, and may persist for some time 
afterwards. This indicates that nocturnal asthma is not directly related to :-leep it!.elf, 
since parameters such as breathing pattern and ventilatory control return to waking 
level directly after awakening.92-95 
Studies attempting to relate the phase of sleep and the periods of wheezing are 
inconclusive. In asthmatic adult:-, Kales et al .95 observed that attacks were randomly 
distributed throughout the various phases of sleep. In a�thmatic children. fewer attad.s 
during electroencephalogram (EEG) stages I I I  and IV were noted.96 As no objective 
lung function measurements were perforn1ed in thi:, study, there i� a po:,sibility that 
these children slept through their  attacks. 
In 1 1  a:,thmatic subjects, Hetzel et al.9 1 compared P EFR values after intermittent 
awakening with P EFR values when these subjects were kept awake until after the time 
at which the nocturnal fall in PEFR values would have been expected (03 .00 - 05.00 
hours). They then :-lept until 06.00 hours. In six subjects the nocturnal fall in PEFR 
equalled the fall that had been observed previously. In the other five, however. no fall in 
P EFR values was observed until after awakening at 06.00 hours. The result:. of thi!> 
study are contradictory. 
The same study protocol was also used by Catterall et al.'!7, but in thi� :,tudy. �leep 
was confirmed by EEG measurements. Airflow obstruction occurred on both night�. 
but the mean nocturnal fall in PEFR values was greater on the "asleep" night than the 
"awake" night, suggesting that sleep itself may have some influence on nocturnal 
asthma. 
The association between sleep and clinical variation in a�thma is lik.ely to be the 
result of two basic circadian rhythms with similar phase relatiom,hips and entrained by 
common synchronizers such as re:,t, arousal or the light-dark cycle. 
1 .4 .3. Gastroesophageal re/711.r 
Gastroesophageal refl ux (GER) has been reported to occur in a high percentage of 
children with asthma. The reported incidence of reflux in the:-e children varies from 
47 % to 63%.98.99 The mechani:-m that is resporn,ible for this high incidence in 
childhood is not yet clear, but several possible mechanisms have been suggested. HKl 1 02 
Recurrent wheeze was found in 1 8% of a group of 1 26 children with GER. Hn The 
relationship between GER and respiratory symptoms was suggested on the basi:- of an 
improvement in symptoms following anti-reflux therapy. 10-�- 107 In a group of asthmatic 
children with nocturnal dyspnea, Martin et al. W8 observed that a higher reflux score 
corresponded to a higher number of nights during which the children wheezed. This 
correlation was only minimal in a group of patients who mainly had complaints of 
wheezing in daytime. Unfortunately, no pulmonary function mea:-urements were perfor-
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med to establish circadian rhythmicity in both groups. 
The aspiration of gastric contents, or reflux of acid into the esophagus at night, 
when acid secretion in the stomach is particularly great, 1 09 causes nocturnal 
bronchoconstriction. Other studies confirm that the passage of irritating solutions 
through the esophagus may influence the degree of airflow obstruction and bronchial 
hyperresponsiveness. In a double blind study by Wilson et al. 1 1 0, a group of asthmatic 
children was challenged with a drink of diluted hydrochloric acid (0.00 I N); a 
significant increase in mean histamine hyperresponsiveness 90 minutes after ingestion 
of the fluid was observed. No change in baseline PEFR could be observed. The pattern 
of increased bronchial hyperresponsiveness without significant change in baseline 
PEFR values was also very similar to that reported after a cola drink, t t t ingestion of 
tartrazine capsules, 1 1 2 as well  as ice. 1 t 3 Other investigations showed that a more 
powerful stimulus of hydrochloric acid (0. 1 N) instilled into the esophagus in the 
presence of oesophagitis can induce an immediate increase in respiratory resistance in 
asthmatic subjects. I 1 -1  
A vagal reflex seems to be the most likely explanation for the occurrence or increase 
of airflow obstruction after GER or irritating substances, since in dogs with induced 
gastroesophagitis an increase in pulmonary resistance can be abolished after section of 
the vagal nerve. t t 5 
As acid or gastric reflux also occurs in healthy subjects, it can only be regarded as a 
trigger factor in nocturnal airflow obstruction. 
1.4.4. Mucocilia,y Clearance 
In normal as well as in asthmatic subjects, Bateman et aJ. 116.117 observed a reduced 
mucociliary clearence during the night. Posture did not affect mucociliary clearance, as 
clearance in erect and supine position was similar. As mucus production is increased in 
asthmatic patients, it is possible that retention of mucus also contributes to nocturnal 
dyspnea in asthmatic patients. It is certainly not a major factor, since inhaled beta-2 
adrenergic drugs quickly reverse nocturnal bronchoconstriction. 
1.6. Aims of the studies 
Underlying mechanisms of nocturnal dyspnea, and their importance, are unknown or 
controversial. Most of the studies on the subject compare asthmatic patients with 
nocturnal dyspnea, with normal controls. Nocturnal dyspnea is, however, not a separate 
disease, as the term "nocturnal asthma" suggests, but one of the symptoms asthmatic 
patients may suffer from. It seems, therefore, relevant to investigate aspects of the sub­
ject in a group of asthmatic patients with, and in a group of asthmatic patients without 
nocturnal increase in airflow obstruction. 
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Therefore we selected two groups of patients with asthma. Except for the difference 
in amplitude of pulmonary function parameters, we tried to make the two groups as 
homogeneous as possible with regard to age and pulmonary function level. The results 
of investigations in these two groups of asthmatic children were compared with an age­
matched group of normal controls. 
In the first part of this study we investigated whether the amplitude of the circadian 
PEFR values after three days of withdrawal of main tenance treatment could be 
predicted using parameters such as daytime FEY I and PEFR values during medication, 
and/or the drugs needed to control the symptoms of the patients satisfactori l y. As 
pulmonary complaints and daytime PEFR measurements are easely measured signal 
functions for deterioration of the disease state in the home situation, we investigated 
whether these parameters could predict the occurence of a nocturnal dip in pulmonary 
function. Moreover, we were interested whether the first signs of deterioration in the 
disease state were pulmonary complaints, or a decrease of PEFR values. 
An autonomic d isbalance has been frequent ly cons idered to be the underly ing 
mechanism of nocturnal airflow obstruction. Therefore we i nvestigated c i rcadian 
changes in vagal act ivity and urinary catecholamine excretion in all three groups. 
Moreover, urinary Nt-methylh istamine excretion (an indicator for h istamine release) 
was measured to determine whether inflammatory mediators could contribute to 
nocturnal airflow obstruction. 
Many investigators have found that the challenge dose of h istamine which causes a 
20% fal l  in FEY I from baseline, correlates in asthmatic patients with the prechallenge 
FEY 1 or FEY 1/FYC ratio, especially when FEY ! is below 70% of the predicted value. 
An increase in bronchial hyperresponsiveness during the night, at the very moment that 
the FEY I is lowest, may thus be simply the consequence and not the cause of the 
nocturnal fal l  in pulmonary function. Therefore we investigated the relationship 
between the level of pulmonary function and the degree of bronchial hyperrespon­
siveness during 24 hours. 
The last few years several reports in asthmatic individuals have described both an early 
and late bronchial obstructive reaction (EOR and LOR, respectively) upon exercise 
challenge. 1 1 s, 1 19 This reaction pattern had already been known for a long time after 
allergen challenge.86 We hypothesized that patients with nocturnal airflow obstruction 
more frequently had LORs to antigen or exercise exposure than patients without noctur­
nal airflow obstruction. We investigated whether differences between the two groups of 
asthmatic chi ldren existed in ai rflow obstruct i ve patterns after house dust m i te 
inhalation and after exercise .  We also investigated whether these possible differences 
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between the two groups were caused by differences in catecholamine response, or by 
differences in N•-methylhistamine excretion. 
In addition to investigations concerning nocturnal dyspnea ,we tried, with the same 
patient group, and without changing the study design, to answer a question that has 
been asked for a long time in our department. 
In the past, bronchial hyperresponsiveness was expressed as a provocation 
concentration (PC) of histamine causing a 1 0% and 15% fall in baseline FEY I values 
(PC 10  and PC 1 5, respectively). More recently, for several reasons, a PC20 histamine has 
been used in the assessment of bronchial hyperresponsiveness. To compare past and 
present methods, we investigated whether a PC 1 0  and PC 1 5  are as reproducible as a 
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Three groups of children were selected to participate in the studies that took place in 
the hospital . Two groups of allergic asthmatic children were selected from our pediatric 
outpatient cl inic. The third group. a group of normal controls matched for age, was 
recruited from the children of friends and colleagues. 
The study design and the selection of the patients and their controls as described in 
this chapter refers to the chapters 5,  6, and 7. 
Approach to the children 
The children were asked to participate in the study in the presence of their parents. At 
the moment of recruitment the complete study design was explained. Moreover. each 
separate part of each new procedure that was going to be used on the �tudy day was 
explained in advance. An observer appointed by the Medical Ethic� Committee wa'i 
present during this first v isit. 
One of the investigators was always avai lable for advice. The chi ldren could 
withdraw from the study at any desired moment. 
Informed consent from all children and their parents was obtained. The �tudy 
protocol was approved by the Medical Ethics Committee of the University Ho�pital of 
Groningen. 
Patient selection 
Selection criteria were: 
I .  An amplitude in PEFR values at home measured on three consecutive days of ;::::: 
20% (Group I) or < 1 5% (Group II) .  Amplitude is defined as the difference between 
the h ighest and lowest PEFR va lue measured over 24 hours. expre�sed as 
percentage of the best value. 
2. A h istory of episodic wheezing on exposure to al lergens and non-al lergic stimul i .  
3 .  A forced expiratory volume in one second as  percentage of the predicted value 
(FEY 1 % pred.) ;::::: 70%. 
4. Increased Total IgE, and at least a positive skin test on house dust mite (HOM) 
extract (Diephuis Laboratories. the Netherlands). 
5. Increased bronchial  hyperresponsiveness. defined as a h istamine provocation 
concentration < 16 mg/ml causing a fal l  of 20% or more in FEY I from baseline 
value (see histamine inhalation provocation). 
Asthma symptoms were well-controlled by maintenance medication. The chi ldren did 
not suffer from respiratory tract infections at the time of the study or during the three 
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months before the study. No oral corticosteroids were used for at least six months 
before the study. 
Selection of the normal controls 
Nine healthy children, matched for age to the children of group I, took part in the study. 
These controls did not use medication, nor was there a previous history of respiratory 
complaints. All healthy children had normal spirometry, normal blood eosinophil 
counts, and negative skin tests to house dust mite extract. None of the children showed 
bronchial hyperresponsiveness (PC20 histamine > 16 mg/ml). 
Study design 
The study was performed during two 3-month periods (September-November) in 1986 
and 1987, to avoid seasonal influences. During their stay in hospital, the children were 
not allowed to leave the ward. Fixed times were set for meals and sleeping. Three days 
before and during PEFR measurements at home, and three days before admission to 
hospital, and again three days before the exercise day, all medication was withheld. 
Home 
p p p 
4 5 6 
A l l  days no med i cat i on 
Hosp i ta l  
i s  H HOM 
4 5 6 7 8 
E 
4 
Figure 2 . 1 :  Study design of the two groups of patients. P=PEFR, S=spirometry, 
H=histamine inhalation provocation, HDM=house dust mite provocation, E=exercise 
test. The arrow indicates the first day of admission. 
Patient selection was based on PEFR amplitude, measured on three consecutive 
days at home. PEFR measurements were performed at home on days 4, 5, and 6, at 
08.00, 12.00, 16.00, 20.00, 24.00, 04.00, and 08.00 hours. 
On day 4, the first day of admission, measurements were performed every 4 hours 
during 24 hours. Times of measurement were 08.00, 12.00, 16.00, 20.00, 24.00, 04.00, 
and 08.00 hours. Each set of measurements contained, in chronological order, 
electrocardiogram (ECG) recording and FEV 1 measurements. With intervals of 4 hours, 
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starting at 08.00 hours, urine samples were col lected for the determination of free 
catecholamines and NLmethylhistamine. After this day, the children from the control 
group were dismissed from hospital. 
On day 6, h is tam ine i nhalat ion chal lenge tests (see h istam ine i nhalat ion 
provocation) were performed at the same points i n  t ime as on day 4. 
On day 8, HOM inhalation provocations were performed at 08.00 hours (see HOM 
provocation). FEY I values were measured every 2 hour� thereafter unti l and up to 
20.00 hours. With intervals of 2 hours, starting at 08.00 hours, urine �amples for the 
determination of the same excretion products as mentioned above, were collected until 
20.00 hours. 
Exercise tests (see exercise) were carried out six weeks after the HOM inhalation 
by the patients and their controls, in order to avoid carry-over effects of the allergen 
inhalation (see exercise). 1 The study protocol of the exercise day was the same as 
during the HOM day. 
When, at 08.00 hours, FEY I values of days 6, 8. and the exercise day, differed more 
than 1 5% from the 08.00 hours value on day 4, the children were excluded from the 
study. 
Pulmonary function measurements 
PEFR measurements were performed with a min i -Wright peak flow meter. PEFR 
measurements were performed in upright po�ition. 
Spirometry was performed with a water-sealed spirometer (Lode, the Netherland�). 
Normal values from Zapletal and co-workers were used.2 
The best of three efforts was used for statistical analysis. 
Histamine inhalation provocation 
After performing FEY I measurements for a base l ine value,  PC20 histamine was 
measured by inhalation of aerosols  with increasing concentrations of the agent. The 
solutions were nebulized with a gauged OeYil lbiss 646 nebulizer. The nebulizer was di­
rectly attached to an inspiratory-expiratory valve box-3 The output of the nebulizer was 
0. 1 3  ml/min. The particle size was smaller than 4 µmJ .4 
The histamine acid phosphate concentrations ranged from 0.03 mg/ml to 16 mg/ml, 
concentration steps being 0.03, 0.06, 0. 1 25,  0.25, 0.5, I ,  2, 4, 8, and I 6 mg/ml. Each 
concentration was inhaled for 2 m inutes during tidal breath ing. The first aero�ol 
del ivered was phosphate buffered saline. FEY I values were measured 30 and 90 
seconds after the end of each inhalation step. The inhalations were stopped as soon as 
the fall in FEY I had reached 20% of basel ine FEY 1 • The exact PC20 was calculated 
from the log-dose response curve.5 
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House dust mite provocation 
The provocation with HDM was performed by inhalation of increasing concentrations 
of the agent. The solutions were nebulized with a gauged DeYillbiss 646 nebulizer. 
Nebulizer output was 0. 13 ml/min. HDM extract (Diephuis, the Netherlands) was 
dissolved in phosphate buffered saline. All provocations were performed with mites 
from the same batch. The concentrations ranged from 80- 1 0,000 biological units 
(BU)/ml. The concentration steps were 80 BU, 400 BU, 2000 BU, and 10,000 BU. 
Each concentration was inhaled for I minute. After performing baseline FEY I values, 
the first aerosol delivered was phosphate buffered saline. FEY I values were measured 
30 and 90 seconds, and 15 minutes after the end of each inhalation step. 
In adults 5-fold dose increases of HDM a fall of more than 20% from baseline 
FEY I are known to cause discomfort and dyspnea.6 Therefore the inhalations in our 
study were stopped as soon as the fall in FEY I had reached 15% of baseline. 
Electrocardiogram recording and measurement of vagal activity 
Direct measurement of parasympathetic activity in humans is not ethically feasible, 
because an operation is required. Changes in heart rate and sinus arrhythmia gap may, 
however, reflect vagal tone.7,8 
Standard ECG lead II on a Cardiostat 701 (Siemens, West Germany) was used for ECG 
recording. To measure vagal activity indirectly, we used the method described by 
Kallenbach et al.9, in which breathing frequency was modified from 6 to 1 0  per minute 
to correct for age. 
With the children in semirecumbent position and breathing deeply at a rate of 10 
breaths per minute, the ECG was recorded for 60 seconds. The duration of each 
respiratory cycle was 6 seconds. The seconds were counted aloud by one of the investi­
gators who ensured that breathing was continuous. Forced breaths and maximum 
respiratory manoeuvres were avoided because of the possibility of provoking 
bronchospasm in the asthmatic children. 1° From each ECG strip we selected and 
measured the longest and shortest R-R interval and converted the results from 
milliseconds to beats per minute. The magnitude of the SAG was expressed as the 
mean difference between the maximum and minimum heart rate per minute . 1 1  
Exercise 
Exercise was performed on a Power jog treadmill (Sport Engineering Limited, United 
Kingdom) according to the standardized method of Godfrey. 1 2 It consisted of six 
minutes running with a speed and slope necessary to achieve a heart frequency of 180 
beats or more per minute. Starting speed 8 km/hour; starting slope 6°. Spirometry was 
performed I, 3, 5, 10, 15, 30, and 60 minutes after the end of the challenge. 
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Chemical analysis 
Noradrenaline and adrenaline 
Urine samples for the determination of free catecholamines were collected in 
polyethylene containers, with 50 mg of sodium metabisulfite as antioxidant. After the 
collection period (4 hours), hydrochloric acid (0. 1 N) was added, leadig to a pH of 
approximately 3. Samples were stored at -20° C until analysis. Analysis was performed 
by HPLC with electrochemical detection as described by Westerink et al. 1 3 with the 
additional use of dihydroxy-benzylamine as internal standard. This procedure resulted 
in a coefficient of variation of 2.0% for noradrenaline, and for adrenaline of 4.6% (n = 
I 0). These urinary catecholamine levels are closely related to the plasma catecholamine 
levels during the preceding hours. 14 
N1-methylhistamine 
In the same urine sample as described above, N•-methylhistamine, a representative 
excretion product of endogenously produced histamine was determined by isotope 
dilution mass spectrometry. 1 5. 1 6 
One day before, and during the study, the participants avoided foods known or 
suspected to contain histamine. The samples from the individual subjects were analysed 
in the same series. 
Statistical analysis 
Comparison between inter-individual variations was carried out by Student's t-test for 
unpaired observations. Comparison of intra-individual observations was carried out by 
Student's t-test for paired observations. 
For statistical analysis, 10Iogarithmic transformation of the histamine PC20 value 
was used. 
Unless stated otherwise, all values are expressed as mean ± Standard Error of the 
Mean (SEM). 
The data of a group at a certain point in time were compared with those of another 
group at the same point in time. Values of group I were compared with those of group II 
and the controls. Data of group II and the control group were also compared. 
4 1  
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In 1 2  asthmatic children, aged 8 - 14  years, we investigated the possibil i ty of using a 
provocation concentration of histamine (PC) causing a I 0% or 1 5% fal l  in basel ine 
forced expiratory volume in I second (FEY 1 ), instead of a PC20 histamine, in the as­
sessment of bronchial hyperresponsiveness. Inhalation challenge tests were performed 
on days 6 and 7 after withdrawal of medication. PC 1 0, PC 1 5, and PC20 were calculated 
from the dose response curves. 
Reproducibil ity for PC l O, PC 1 5 , and PC20 values for both days was determined by 
Student's t-test. No significant differences were observed. The correlation coefficient 
between PC20 on days 6 and 7 was 0.82, between PC 1 5  values on days 6 and 7 it was 
0.82, and between PC 10  values on days 6 and 7 it was 0.76. The correlation coefficient 
between PC20 values on day 6 and PC 1 5  values on day 7 was 0.84, and between PC20 
values on day 6 and PC l O  values on day 7 it was 0.82. Al l  correlations were significant 
(p<0.0 1 ). 
The predictive value of PC20 for PCw and PC 1 5  was determined by a lea!>t-squares 
regression l ine with 95% confidence intervals. Neither on day 6, nor on day 7, could 
any significant differences be observed in variances between PC l O, PC 1 5 , and PC20• 
Our data show that both a PC l O  and a PC 1 5  can be used in the assessment of the 
degree of bronchial hyperresponsiveness in asthmatic children. 
INTRODUCTION 
Inhalation challenge tests with histamine are commonly used to assess the severity of 
increased bronchial responsiveness in asthmatic patients. Airway responsiveness to 
inhaled histamine is usually expressed as the provocation concentration producing a 
20% fall (PC20) in forced expiratory volume in one second (FEY 1 ) .  A disadvantage of 
this method is that a fal l  in FEY I of 20% or more after histamine inhalation produces 
dyspnea, chest tightness and wheezing. 1 In the present study, inhalation provocation 
tests with h istamine were carried out on 2 consecutive days in a group of well­
control led asthmatic chi ldren. The resu l ts of the inhalation challenge tests with 
histamine were expressed as provocation concentrations producing a fall in FEY I of I 0, 
1 5 ,  and 20%. We investigated whether a PC 10  and PC 1 5 histamine are as reproducible as 
a PC20 histamine. 
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PATIENTS AND METHODS 
Patients 
Eight boys and four girls with allergic asthma, aged 8 to 14 years (mean ± standard 
deviation: 1 1.7 ± 1.9), participated in this study. All children had a history of episodic 
wheezing on exposure to allergens and non-allergic stimul i .  All children were 
characterized by an increased total IgE and showed at least an increased specific IgE to 
house dust mite. The children had a FEY 1 , as a percentage of the predicted value, of > 
70%. All children showed an increased bronchial responsiveness to inhaled histamine, 
defined as a histamine PC20 below 16 mg/ml (see chapter 2, histamine inhalation 
provocation). 
Symptoms were well-controlled with maintenance medication including inhaled 
corticosteroids, sodium cromoglycate and, when needed, beta-2-adrenergic drugs. The 
children had not suffered from respiratory tract infections for at least three months prior 
to the study and had not used oral corticosteroids for at least six months prior to the 
study. 
Informed consent from all children and their parents wa obtained. The study was 
performed with approval of the Medical Ethics Committee of the University of 
Groningen. 
Study design 
Six days before the challenge tests were performed, all maintenance medication was 
withheld. On day 4 after withdrawal, the children were admitted to hospital. On that 
day FEY I values were measured at 08.00 hours. The children were not allowed to leave 
the ward. 
On days 6 and 7 after withdrawal of the medication, histamine inhalation 
provocation tests were performed at 08.00 hours. If baseline FEY I values on days 6 and 
7 differed more than 15% from the corresponding values on day 4, the children were 
excluded from the study. 
Statistical analysis 
From the dose-response curves, provocation concentrations of histamine, producing a 
10%, 15%, and 20% fall in FEY 1 from baseline values (PC io, PC 1 5 , and PC20),  were 
calculated by linear interpolation between the two points before and after the PC was 
achieved. For statistical analysis all PC values were I 0-logarithmically transformed. 
To assess the intra-individual variation in baseline FEY I values, the difference 
between the highest and the lowest value of all three efforts was calculated. These 
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values are expressed as a percentage of the best value (mean ± standard deviation). 
Reproducibil i ty was determined by calculating the mean and SD of differences for 
PC 1 0, PC 1 5 , and PC20 values. Student's t-test for paired observations was used to 
compare PC20, PC 1 5, and PC 10  values during the two days. 
The agreement between PC20, PC 1 5 , and PC 10  values on days 6 and 7 was as�essed 
by calculation of a least-squares regression l ine with 95% confidence intervals and by 
determining a product moment correlation coefficient. The agreement between PC20 
values on day 6, and PC 1 5  and PC IO values on day 7, was assessed by calculation of a 
predictive value of PC20 for PC20, PC 1 5 , and PC 1 0  respectively, by determin ing a 
product-moment correlation coefficient and a least-square� regression line with 95% 
confidence intervals. S ince PC 10, PC 1 5• and PC20 values represent different parts. with 
different slopes, on the histamine dose response curve, the Bartlett statistic wa� applied 
to test the homogeneity of variances of PC 10, PC 1 5 , and PC20 . 
RESULTS 
Of the initial 1 4  chi ldren who participated in the study. two were excluded becau\e of a 
progressive decrease of YC and FEY I values on the hi�tamine inhalation provocation 
days of more than 1 5% ,  compared with the FEY I value obtained on admi��ion. The 
individual histamine dose-response curves of the remaining 1 2  chi ldren are �hown in 
figure 3 . 1 .  The logari thmical l y  transformed PC values of the chi ldren on both 
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Figure 3 . / : Indiv idual histamine dose-response curves of the 1 2  patients on day 6 
(drawn l ine) and day 7 ( interrupted l ine). The X-axis represents the inhaled histamine 
concentrations in mg/ml, and the Y-axis represents FEV I values. 
TABLE 3 . / .  10Logarithmically transformed PC20, PC 1 5, and PC JO values of histamine of 
both provocation days. 
1010g PC20 I O(og PC 1 5  JO(og PC 10  
pat. no. day 6 day 7 day 6 day 7 day 6 day 7 
0.30 -0.01 0.1 8  -0. 1 2  0.08 -0.28 
2 -0.05 -0.03 -0. 1 3 -0.25 -0.20 -0.43 
3 0.30 0.27 0.22 0.22 0. 1 3  0. 1 3  
4 0.55 0.50 0.50 0.44 0.43 0.38 
5 0.23 -0.05 0. 1 8  -0. 1 3  0. 1 2  -0.21 
6 -0. 1 1  0. 1 7  -0.24 0.00 -0.39 -0. 1 1  
7 -0.45 -0.44 -0.5 1  -0.46 -0.60 -0.51 
8 -0.09 -0. 1 2  -0. 1 9  -0. 1 5  -0.31 -0.1 9  
9 0.44 0 . 19  0.41 0 . 10 0.37 0.02 
1 0  -0.30 -0.32 -0.37 -0.42 -0.41 -0.54 
I I -0.25 -0.04 -0.41 -0.1 9  -0.55 -0.35 
1 2  -0.09 -0.04 -0. 1 9  -0.1 0  -0.32 -0. 1 8  
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Intra-individual variation in baseline FEVl values 
The intra-indiv idual variation in basel ine FEY I values of all provocation tests was 3 .3 ± 
2 .2%. 
Reproducibility of PC 10, PC 15, and PC20 values 
Differences of PC u 1, PC 1 5, and PC20 values are presented in table 3.2 (mean ± SD). No 
significant differences were observed when PCw, PC 1 5 , and PC20 value!> on both day!> 
were compared (t values for PC 1 0, PC 1 5 , and PC20 were 0.784, 0.73 1 ,  and 0.600. 
respectively, for all values p > 0.05) .  





0.1 9 1  
0.756 
0.033 
0. 1 79 
0.644 
The val ues show that a PC 1 0 , a PC 1 5 , and a PC20 are approx imate ly  equal l y  
reproducible. Mean (X)  and !,tandard deviation (SD) of  the differences of  PC 1 0, PC 1 5 • 
and PC20 value!, between both provocation days. 
t: t-value of Student'!, t-te�t. 
Agreement between PC20 and PC 10, and PC20 and PC 15 
The product-moment correlation coefficient of PC20 and PC 1 5  values on days 6 and 7 
was 0.82, and between PC 1 0  values on both days 0.76. 
The product-moment correlation coefficient of PC20 values on day 6 and PC 1 � 
values on day 7 was 0.84, and between PC20 values on day 6 and PC 1 0  value� on day 7 
was 0.82. Al l  correlations were significant (p<0.0 I ) . The lea!,Hquare!> regre!>!>ion l ine!> 
are presented in Figure 3 .2. 
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lag PC10 day 7 
lag PC15 day 7 
•• 0.82 •• 0.14 
1.0 I 0 
Y• 0. 7x-0.22 
Y• 0.7,-0. 11 
lag PC20 day 6 lag PC20 day 6 
Figure 3 .2 :  Lea�Hquares regression l ine with 95% confidence intervals for PC20 
histamine value:, on day 6 ver�u� PC 1 5• and PC I 0  hi:..tamine values on day 7. 
Homogeneity of variances of PC 10, PC 15  and PC20 
On day 6, variances of PC 10• PC 1 5• and PC20 value:, ( 1 .36, 1 .2 1 ,  and 1 . 1 0. respectively) 
:,howed no significant differences (p = 0.94 ). 
On day 7.  no �ignificant difference� in variances of PCw, PC 1 5, and PC20 values 
were ob:..erved. Variance:, of PC 1 0• PC 1 5 • and PC20 were 0.85, 0.72, and 0.7 1 .  respec­
tively (p = 0.93 ) .  
In 8 out of 24 (33%) of the histamine inhalation provocation tests performed, one addi­
tional concentration had to be inhaled to induce a 20o/c- fal l  in FEY 1 , after a 1 0% fal l  
had already been achieved. 
DISCUSSION 
Th is  study �how� that in the a:..sessment of bronch ial hyperresponsiveness in 
asthmatic chi ldren, information obtained from a PC 1 5 or PC IO i:..  comparable to that of a 
PC20 h i:..tamine. The re�ults �uggest that a PC 10 is sufficient to measure the degree of 
bronchial hyperre!>pon:..ivene:,s in a reproducible way. In our study, the intra-individual 
variation in base l ine FEY I values wa� not larger than 3.3 ± 2.2%. This variation is 
smal l ,  but measurements were performed in  a small group. Eiser et al .2 mentioned an 
individual variation in FEY I value:, of 8%. When a 1 0% fall in FEY I values was used 
to calculate a PC value, one additional provocation dose was necessary to produce a 
20o/c- fal l  in 33% of the performed inhalation tests. 
H i�tamine inhalation te�h can be u:..ed to evaluate the severity of asthma.3 They 
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provide clinicians with objective data for the follow-up of the di:,ease in individual 
patients. These tests also give an indication of the amount of drug:, nece-;-.ary for 
control of symptoms and an evaluation of the effect:, of maintenance treatment:U Since· 
the introduction of histamine inhalation provocation tests. several aspect<; of the 
provocation procedure have been altered and !.tandardized. Tiffeneau wa-. the fir<;t to 
describe inhalation provocation tests using histamine and acetylcholine to produce a 
definite fall in pulmonary function measurements.6 De Vries introduced a reproducible 
method in which the histamine aero<;ol wa<; generated by a gauged Wiesbadener 
doppelinhaler.7 The aerosols were inhaled during tidal breathing for 30 !.econd<;. Thi-; 
method was modified by Cockcroft et al.8 Inhalation time was prolonged to 2 minute<;. 
which led to a better reproducibility.9 Generation of aero:,ob with other devices. such 
as Wright or DeYillbiss nebulizers was introduced. In addition, the particle size was 
standardized. IO 
At fir:,t a fall in FEY I of 10% from baseline was accepted.7 later a 1 5%. 20% and 
even a 30% fall were used to indicate increa!.ed bronchial hyperresponsivene:,s in m,th­
matic patients. 1 . 1 1. 1 2 Although dyspnea due to histamine inhalation generally doe!. not 
last longer than I hour, n and is easily reversed by beta-2-adrenergic drugs, some 
patients may experience the procedure as troublesome; they may complain about -.ide­
effects <;uch as throat irritation, cough. flushing. and headache. 1 Moreover. the 
incidence of side-effects considered acceptable in the community may be lower than 
the incidence for subjects in a laboratory. A lower dose of histamine is, therefore. to be 
preferred. 14 
The choice of a 20% fall in baseline FEY 1 is arbitrary. 1 -1. 1 5 Neyens et al. 1 1 . who 
compared various methods, using different techniques of analysis of the dose-response 
relationship, concluded that a 1 5 %  decrease in FEY I was a suitable criterion for the 
provocation dose (PD) defined as the threshold, and that other criteria such as PD20 and 
P D25 offered no advantages over a PD 1 5. Chinn et al. 14 showed in a large community 
survey that P D 10  and P D20 had similar repeatability. Our results are in agreement with 
these observations. The PC 1 5 , and even the PC w, on both measurement days !.how a 
high degree of correlation with the PC20• 
This study does not provide an answer to the question whether a PC IO histamine i<; 
suitable for the determination of the cut-off between asthmatic and normal. Recently. in 
a l arge population Rijcken et al. 1 6 used a P C w  histamine as being discriminative 
between asthmatic and normal. Yet, more research to determine the specificity of the 
PC w histamine in diagnosing asthma still needs to be done. 
The fact that PC20, PC 1 5, and PC IO are approximately equally reproducible, and the 
fact that no significant differences in variance between PC20• PC 1 5, and PC 1 0  values 
were observed, indicate that a 10% fall in FEV 1 after histamine provocation is 
sufficient to estimate bronchial hyperresponsiveness in asthmatic children. 
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We investigated in well-controlled asthmatic children whether it is possible to predict, 
by measuring daytime forced expiratory volume in one second (FEY 1 ), by daytime 
peak expiratory flow rate (PEFR) values, or by drugs needed to control the disease, the 
decline in nocturnal PEFR values after withdrawal of maintenance medication. 
FEY I values and PEFR values were measured in the outpatient clinic, on the last 
day with medication. PEFR values were then measured every four hours on days 4, 5 ,  
and 6 without medication. On the three study days seventeen chi ldren showed an 
ampl itude in c ircadian PEFR values of 20% or more (group I) and n ine chi ldren 
showed an amplitude of less than 20% (group II) .  Mean values ± SEM were 34.7 ± 
2 . 1  % and I 0.5 ± 1 .5%, respectively. 
FEY I values were comparable in both groups. Daytime PEFR values before and 
after withdrawal, remained on the same level in both groups. In group I PEFR values of 
24.00 and 08.00 hours on day 6 were significantly lower (p < 0.05) than on day 4. 
The results indicate that h istory and daytime pulmonary function measurements 
alone are insufficient to assess the clinical s i tuation, and suggest that a decrease in early 
morning PEFR value (08.00 hours) may be an early sign of deterioration of the disease 
state, after reduction of medication. 
INTRODUCTION 
Fluctuations in daytime PEFR values over everal days may reflect the severity of 
asthma. I Besides these fluctuations, an increased variation in PEFR values can also be 
observed in asthmatic patients.2 
Besides current history and physical examination most cl inicians use FEY I mea­
surement as a simple method for assessing the severity of the disease. 
As part of a larger protocol, designed to study several aspects of circadian variation 
in pulmonary function, all medication was withdrawn for 6 days in a group of well-con­
trolled asthmatic children. 
During this study we investigated whether parameters such as FEY I expressed as 
percentage of the predicted value (FEY 1 % pred.), daytime PEFR values, and the drugs 
needed to control the d isease, could be used to predict the amplitude in c ircadian 
variation after withdrawal of maintenance treatment.The second aim of the study was to 
find out whether pulmonary complaints, or decrease of PEFR values were to be the first 




Forty asthmatic children, eleven girls and twenty-nine boys, aged 8 to I 5 years (mean ± 
standard deviation: 10.9 ± 1.9) were selected from our pediatric asthma outpatients 
clinic to participate in this study. All children had a history of episodic wheezing on 
exposure to allergens or non-allergic stimuli. 
Their symptoms were well-controlled with sodium cromoglycate, inhaled corti­
costeroids, and bronchodilators. Maintenance medication was prescribed on the clinical 
assessment of the disease state and on objective data such as results of a histamine 
inhalation provocation dose and skin tests with common allergens. All the children 
participating in the study showed a histamine threshold value lower than 32 mg/ml 
during 3 months before the study/ and at least one positive intracutaneous skin test to 
house dust mite extract (Diephuis Laboratories, The Netherlands). No oral corticos­
teroids were used during at least 6 months before the study. 
Informed consent from all the children and their parents was obtained. The study 
was performed with the approval of the Medical Ethics Committee of the University 
Hospital of Groningen. 
Study design 
On the morning of the first study day a PEFR and FEY I measurement were carried out. 
The PEFR measurements were performed with a mini-Wright peak flow meter. The 
best of three blows was taken for statistical analysis. The FEY I measurements were 
carried out with a water-sealed spirometer (Lode). 
All medication was withheld for 6 days. On days 4, 5, and 6, PEFR values were 
measured at home at 08.00, I 2.00, I 6.00, 20.00, 24.00, 04.00 and 08.00 hours. Before 
withdrawal of all medication, parents and children were carefully instructed to observe 
symptoms. The investigators were always available for consultation and advice. 
Since a large amplitude of the pulmonary circadian rhythm in asthmatic patients 
indicates the patients at risk for death due to asthma,4 and an amplitude of more than 
20% is a useful screening test for asthma,2 the patients were subdivided into two 
groups: I) with an amplitude of 20% or more, and II) with an amplitude of less than 
20% on three consecutive days. 
Statistical analysis 
A mean PEFR value for each individual was calculated for days 4, 5, and 6. The PEFR 
value of each time point is expressed as a percentage of this mean value. The difference 
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between the highest and lowest PEFR value of the day, expressed as percentage of 1he 
highest value, is called amplitude. Comparison between intra-individual observations 
was carried out by Student's t-test for paired observations. Unless stated otherwise all 
values are expressed as a mean ± the standard error of the mean (SEM). 
RESULTS 
Thirty-six out of the initial forty children who participated in the study returned their 
PEFR values. Three children were excluded because they became dyspneic ans had to 
restart medication during the study. Seven children were excluded because they did not 
show a consistent amplitude on days 4, 5, and 6. The clinical data of the remaining 
twenty-six children are presented in Table 4. 1. As shown in Figure 4. 1, they were 
subdivided into 2 groups. Group I: seventeen children with an amplitude in PEFR 
values of 20% or more on days 4, 5, and 6; group II: nine children with an amplitude in 
PEFR values of le!>!> than 20% on days 4, 5, and 6. 
The mean amplitudes in PEFR of day!> 4. 5, and 6 in group I and II were 34.7 ± 
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Figure 4. /:Mean circadian variation of PEFR values measured on days 4, 5, and 6 of 
the two groups. All values are expressed as a percentage of the calculated mean PEFR 
value of the day. 
FEV I versus amplitude 
The FEY I expre!>!>ed as percentage of the predicted value (FEY 1 % pred.) of the two 
groups were not significantly different, mean values of group I and II being 92.3 
±2.6%, and 86.2 ± 5. 1 %, respectively (p > 0.05). 
6 1  
Amplitude on day 4 versus day 6 
Group I showed a significant increase in ampl itude when days 4 and 6 were compared 
(Table 4.2). The amplitudes on days 4, 5, and 6 were 3 1 .4 ± 2.3%, 36.7 ± 2.4%, and 
38.3 ± 3.0% respectively (day 4 vs. day 6, p < 0.05). 
In group II no such phenomenon was observed. 
Table 4.1. Data of 26 children participating in the study 
Patient 
no. Sex Age 
Group I: Ampl itude � 20% 
F 1 5  
2 M 9 
3 M 1 4  
4 M 9 
5 F 1 3  
6 M 8 
7 M 9 
8 M 1 2  
9 M 9 
IO  M 9 
I I  F 1 0  
1 2  M 9 
1 3  M 1 2  
1 4  M 8 
1 5  M 1 0  
1 6  M 1 2  
1 7  M 8 
X±SEM 1 0.4±2.6 
Group II : Amplitude < 20% 
1 8  M 1 4  
1 9  M 1 2  
20 M 1 2  
2 1  F I I  
22 F 1 3  
23 M 1 2  
24 F I I  
25 M 1 4  
26 F 8 
X±SEM 1 1 .9±0.6 
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1 1 .3 
1 6.5 





1 7.7  
I 0.5±1 .5 
sc=sodium cromoglycate, t=theophyl l ine, ic=inhalation corticosteroids. b=B�-adrenergics. FEV 1 
% pred.: measured on day I .  Ampli tude=mean amplitude of days 4, 5, and 6. 
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Table 4.2. Changes in the amplitude of circadian PEFR values in the two groups. The 
values are expressed as percentage of the days mean PEFR value. 
I I  
Amplitude � 20% 
Amplitude < 20% 
* Day 4 vs. 6, p<0.05 (Student's I-test). 
Diurnal PEFR values 
day 4 
3 1 .4±2.3 
1 1 . 1 ± 1 .8 
day 5 
36.7±2.4 




In neither groups did the diurnal PEFR values ( 12.00, 16.00, and 20.00 hours values) of 
days 4 and 6 vary significantly. Also no difference was found when daytime PEFR 
values of days 4 and 6 (days without medication) were compared with the daytime 
PEFR value of day I (day with maintenance medication). 
Nocturnal and early morning PEFR values 
In group I the 08.00 hours PEFR-value on day 6 was significantly lower as compared to 
day 4. 
Although all seventeen children showed an amplitude of 20% or more on the three 
PEFR measurement days, only nine out of seventeen had a synchronized circadian 
rhythm with the best PEFR value performed at 16.00 hours and the worst at 04.00 
hours. When in these nine children nocturnal and early morning PEFR values of day 6 
were compared with day 4, a significant decrease (p < 0.05) was observed at 24.00 and 
08.00 hours (Fig.4.2). In group II no nocturnal or early morning decline in PEFR values 
were observed. 
Medication 
In the group with an amplitude of 20% or more on days 4, 5, and 6, eight out of seven­
teen children (47%) used inhalation steroids, whereas only one child ( 11 %) within the 
group with the consistently small amplitude of 15% or less on days 4, 5, and 6, used 
inhalation steroids a maintenance medication. 
In the latter group four out of the nine children ( 19, 22, 25, and 26) used beta­
adrenergics, at least once a day. The other twenty-nine children used beta-adrenergics 
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Figure 4.2:Circadian variation of PEFR values on days 4 and 6 of nine children from 
group I with a synchronized circadian variation of their PEFR values. 
All values are expressed as a percentage of the calculated mean value of day 4. 
DISCUSSION 
The present study shows that after withdrawal of maintenance treatment in well­
control led asthmatic chi ldren large inter-individual di fferences in circadian PEFR 
amplitude can be expected. 
Seventeen out of the twenty-six children showed an amplitude of more than 20% on 
days 4, 5, and 6 after withdrawal of the therapy. Nine children showed an amplitude of 
less than 20%. The morning FEY 1 %pred. values obtained before withdrawal of 
maintenance medication in the two groups were comparable, PEFR values measured 
during the daytime on days 1, 4, 5. and 6 were comparable in group I and II. It was, 
therefore, not possible to predict which child would show a large amplitude in PEFR 
values by u ing these objective clinical measurements. 
It is obvious that a clinician does not want to take the risk of suddenly stopping 
treatment in well-controlled asthmatic patients. Acute withdrawal of medication may 
accelerate the increase of amplitude of the circadian pulmonary rhythm as compared to 
a situation in which medication is gradually reduced. However, it was surprising that 
only three out of the thirty-six children had to be considered as dropouts for this reason. 
Although the children and parents were carefully instructed to contact us, and to restart 
maintenance treatment when the symptoms were troublesome, seventeen out of the thir­
ty-six participating children (47%) in the study,_ showed a large decline in PEFR-values 
during the night, but did not restart medication. The results indicate that an increase in 
symptoms is underassessed by both children and parents. 
Our data suggests that a nocturnal and early morning dip in PEFR values after 
reduction of medication is an early sign of deterioration of the disease, caused by 
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undertreatment. In the group with a consistent amplitude of more than 20% a sign ifi­
cant increase in amplitude was observed when day 4 was compared with day 6. In the 
n ine children of this group who showed a '>ynchronized circadian rhythm, nocturnal 
PEFR values of day 6 were significantly decreased m, compared to the nocturnal values 
of day 4, while day-time PEFR values remained on the same level a-. before. The-.e 
results show that day-time PEFR measurements alone provide in�ufficient information 
about the development of the amplitude of the circadian pulmonary function. However, 
early morn ing  P EFR mea� urements (08 .00 hours ) .  !,hortly after reduct ion of 
medication, help the cl in icians to evaluate whether the reduced therapeutical regimen i!-.  
still !,Ufficient to control the disease. 
Inhaled corticosteroids were used by eight out of !,eventeen patients who -.howed a 
large amplitude, while only one out of nine children with a con-;i,;tently !,mall amplitude 
used this kind of medication. This outcome suggests that the ch ildren with the large 
amplitude had already, on the basis of a clinical impres!,ion, been con!,idered a!, more 
severe asthmatic patienb. Objective parameter!, !-.UCh a!, h i -.tamine thre!,hold val ue!, 
performed within a period of three month-. before the -.tudy and FEY 1 <"k pred. during 
medication were, however, comparable in  both group-.. 
Nocturnal bronchocomtriction may cause many complaint'>. Different h. ind'> of 
medication, !,UCh a!-. theoph i l l ines, corticosteroids, !,low-relea!,e 82 adrenergic drug-.. and 
ketotifen have been studied and are recommended as an adequate treatment for noc­
turnal dy!-.pnea.' x Corticosteroid,; reduce the amplitude of the pulmonary function, '·9 
and are therefore often pre-.cribed to patient!, with complaint!, of nocturnal or early 
morning dyspnea. Reduction of medication may lead to an increa!-.e in amplitude of the 
c i rcadian pulmonary function and thu!, to an increa!,e in a!,thmatic complaint!,. In  
chi ldren properly treated with inhaled corticosteroid!> care !,hould be taken in reducing 
the dose, as current medication may prevent nocturnal bronchocon-.triction. 
Our study shows that it is not pO!,!,ible to predict which a!,thmatic ch ild will have a 
nocturnal decl ine in PEFR value-. after reduction of medication. on the ba-.i-. of the 
FEY 1 °/opred. alone, obtained during medication. The h i !,tory and daytime P EFR 
measurements after reduction of medication. aho provide in-.uffic ient i n formation 
about the clinical di!,ease state. 
It is advi!,able to evaluate the effect of a reduced therapeutical regimen on the 
occurrence of nocturnal bronchocon!,triction by early morning (08 .00 hour!>) PEFR 
measurement'> at home, !,hortly after reduction of the medication. Spec ial attention 
should be paid to ch ildren who inhale corticosteroid-.. 
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In a study of two group� of nine allergic asthmatic chi ldren, one group with (group I ) . ·  
and one group wi thout (group I I )  increased nocturnal a i rflow obstruction. we 
determined whether an imbalance in the autonomic nervous system, or inflammatory 
mediators like histamine, are responsible for the nocturnal increase in a i rf low 
obstruction. The resul ts of investigations of the two groups of a�thmatics were 
compared with the results of an age-matched control group. 
Three days before, and during the study, all medication wa� withheld. On day 4. the 
day of admission, values for forced expiratory volume in one second and electrocar­
diogram recordings of one minute were obtained every 4 hours during 24 hours. Heart 
rate and sinus arrhythmia gap were used to express vagal activity indirectly. Urine 
was collected in period� of 4 hours between the measurements. and sample� were used 
for the determination of adrenal ine, noradrenaline, and Nt-methylhistamine (a unique 
histamine metabolite). 
In group I, overall Nt-methylhistamine excretion was on a higher level compared 
with the values of both other groups, and war, significantly higher overnight. The�e 
observations might indicate that nocturnal airflow obstruction is caused by increa�ed 
release of inflammatory mediators overnight. 
Endogenous orthosympathetic and parasympathetic �timulation was found to be of 
minor importance in the nocturnal regulation of the airway diameter. 
INTRODUCTION 
Nocturnal and early morning dyspnea are common symptoms in asthmatic adults and 
children. 1 .2 In asthmatics the increase in airflow obstruction overnight is probably the 
result of an amplification of the normal circadian rhythm in pulmonary function,� but 
other explanations have also been offered. 
One of the causes of nocturnal and early morning dyspnea might be an imbalance 
in the autonomic regulation of the bronchial smooth muscle tone. An increa�e in 
parasympathetic tone, via the vagal nerve, leads to bronchial smooth mu�cle contrac­
tion and stimulation of mucus secretion. The orthosympathetic system, by way of 
c i rculating catecholamines stimulating the 132-receptor-adenylate cyclase complex 
located on the bronchial smooth muscle, is the major bronchodilating component in 
asthmatics. Besides leading to bronchodilatation, circulating catecholamines may also 
inhibit mediator release from different cell types such as mast cells, basophils etc .. and 
in this way provide additional protection against airflow obstruction.-t 
Inflammatory reactions may also play an important role in noc_turnal a irflow 
obstruction, as suggested by the observations of Kraan et al.\ who found that four 
weeks of treatment with the anti-inflammatory inhalation corticosteroid budesonide 
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resulted in a decrease of both the amplitude of diurnal peak expiratory flow rate (PEFR) 
values and of bronchial hyperresponsiveness in young adults with asthma. 
In the present study, circadian variations in airflow obstruction, autonomic nervous 
system balance, and variations in mediator release were investigated in a group of 
allergic asthmatic children with and without increased airflow obstruction overnight. 
The aim of this study was to investigate the contribution of the above-mentioned 
factors to nocturnal airflow obstruction. The results of the two groups of asthmatic 
children were compared to those of a group matched for age. 
METHODS 
Study design 
Three days before and during the P EFR measurements at home, as well as three days 
before and during the study in the hospital, all medication was withheld. The study was 
performed from September up to and including November in 1 986 and 1 987. Fixed 
times for meals and sleeping were set in the hospital. Before each set of measurements 
the children rei,ted in supine position for 20 minutes. 
On day 4, the day of admission, measurements were performed every 4 hours 
during 24 hours. Times of measurement were 08.00, 1 2.00. 1 6.00, 20.00, 24.00, 04.00, 
and 08.00 hours. Each set of measurements consisted of. in chronological order, 
electrocardiogram (ECG) recording and forced expiratory volume in one second 
(FEY 1 ). In periods of 4 hours, starting at 08.00 hours, urine samples were collected for 
the determination of free catecholamines and N'-methylhistamine. 
RESULTS 
For both patient groups, nine allergic asthmatic children, aged 8- 1 5  years, were 
selected. The clinical parameters of all patients are presented in table 5. 1 .  In group I ,  
mean amplitude in P EFR values at home was 37.6 ± 2 . 1  % ,  and in group I I  9.0 ± 0.7%. 
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Table 5 . 1 .  Data of 18 patients participating in the study. 
patient 
no 





group I: amplitude � 20% 
1 M 9 72 2.00 ic 
2 M 1 1  70 0.32 IC 
3 M 13 75 2.00 IC 
4 F 13 82 0.37 IC 
5 F 13 79 0.78 sc+t 
6 M I O  101 0.26 ic 
7 M 12 75 1.62 ic 
8 M 14 84 2.75 SC 
9 M I O  75 0.37 SC 
X±SEM 1 1.7±0.6 78. 1±3.4 
group II: amplitude < 15% 
M 8 77 0.88 ic 
2 M I O  97 1.52  SC 
3 M 12  80 1.83 SC 
4 F 1 3  90 1.70 SC 
5 F 12 90 0.4 1 ic 
6 F I O  97 6. 15 SC 
7 M 13 65 2.00 ic 
8 M 14 95 3.65 b 
9 F I O  100 4.37 SC 
X±SEM 1 1.3±0.6 88.5±3.9 
sc=sodium cromoglycate, ic= inhalation corticosteroids t=theophylline, b=l3T 
adrenergic inhalation drugs. All patients occasionally used 132-adrenergic inhalation 
drugs. Patient 8, group II, used Bradrenergic inhalation drugs on a regular basis. 
Age is expressed in years, FEY 1 % pred. of 08.00 hours of day 4, PC20 is expressed in 
mg histamine/ml. 
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Pulmonary function measurements 
FEY I values of groups I and I I  and of their normal controls are presented in figure 5. 1. 
FEY I values of group I are significantly lower at 20.00 hours (p < 0.05), 24.00 hours (p 
< 0.0 1 ). and at 04.00 hours (p < 0.00 I )  compared with group I I .  Daytime values of the 
two groups did not differ significantly, but were somewhat lower in group I. 
At all points in time, FEY I values of the controls are significantly higher (p < 0.0 I) 
than in the two patient groups. 
Parasympathetic activity 
All three groups showed a circadian rhythm in heart rate (HR) with highest values 
during the day and lowest overnight. No significant differences were observed between 
the groups. Mean values ± SEM are presented in table 5.2. No circadian variation in 
sinus arrhythmia gap (SAG) was observed in any of the groups. 
Table 5.2. Para�ympathetic parameters (heart rate and sinus arrhythmia gap) of groups 
• I, II, and the controls (C) on the time points of measurement. 
08.00 12.00 16.00 20.00 24.00 04.00 08.00 
-------------------,. --·--.... ---------------------------------------------------.. ---------------------
Heart rate (beats/min.) 
I :  84.9±4.0 75.8±2.5 82.4±3.7 90.9±6. 1 76.2±3.9 68.7±2.4 80.9±3.6 
II: 79.3±4.4 7 1.3±3.4 73.8±3.2 76.0±3.6 68.5±2.5 69. 1±4.0 74.6±4.3 
C :  83.2±4.7 75.6±2.8 78.3±2.9 8 1. 1±3.6 75.4±3.7 72.7±3.6 82.3±4.7 
Sinus arrhythmia gap 
I :  2 1 .3±2.4 20.5±2.0 1 9.8±1.6 1 7.0±2.4 1 6.9±2.4 20.5±2.7 2 1 .3±2.0 
II: 23. 1±2.9 24.2±3.3 26.8±2.5 23.8±3.0 22.6±1.7 22. 1±2. 1 23.7±1.9 
C :  19.5±1.4 22.7±1.9 20.9±1.9 20.9±1.9 19.8±1.7 19.3±1.3 19.5±1.4 
Orthosympathetic activity 
No significant differences were observed in urine adrenaline excretion between the 
three groups at any point in time (Fig 5.2, upper panel). All three groups showed a 
comparable fall in adrenaline during the night. 
Group I showed significantly higher noradrenaline excretion in the urine samples 
from 20.00-24.00 hours (p<0.05), and 24.00-04.00 hours (p<0.0 I) when compared with 
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Figure 5./ :FEV 1 % predicted values of group I (-.-) and II 
(-o-), and controls matched for age (dotted line). 
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Figure 5.2:Urinary adrenaline (left pannel) and noradrenaline (right panel) excretion from 
the children in group I (black bars), in group II ( striped bars), and in the control group 
(open bars). 
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these values in group II. The noradrenaline excretion in the 20.00-24.00 hours sample 
was also significantly higher (p<0.05) when compared with this value in the control 
group (Fig 5 .2, lower panel) . No significant differences were observed between the 
values of group II and in the control group at any point in time. 
No significant correlation between individual FEY I values and urinary-adrenaline 
excretion levels was observed (r=0.20, and 0.02 for the values of groups I and II, 
respectively). 
Urinary Nt-methylhistamine 
Group I, the group with increased airflow obstruction overnight, showed an increase in 
NLmethylhistamine excretion overnight. No variation was observed in Nt-methylhis­
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Figure 5.3:Mean change in urinary Nt-methylhistamine excretion from the children in 
group I (black bars), group II (striped bars), and the control group ( open bars). 
Samples from 0.00-04.00 hours and from 04.00-08.00 hours were significantly higher 
in group I (p<0.02 and p<0.05 respectively) compared with the values in group II. 
N1:-methylhistamine values in the urine samples from 24.00-04.00 hours and from 
04.00-08.00 hours were significantly higher in group I (p<0.02 and p<0.05 respec­
tively) than in group II. 
Nt-methylhistamine excretion in the urine samples from 08.00- 1 2.00 hours, 1 2.00-
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16.00 hours, and 24.00-04.00 hours were significantly higher in group I (p<0.05, 
p<0.05, and p<0.01 respectively) when compared with these values from the control 
group. 
Although, except for the 04.00-08.00 hours sample, the Nt-methylhistamine values 
in group II were, higher than in the control group, differences did not attain signifi­
cance. 
DISCUSSION 
During the night, excretion levels of Nt-methylhistamine of the group with nocturnal 
airflow obstruction were significantly higher compared with the other two groups. 
During the day as well as overnight, both patient groups showed higher levels of Nt­
methy lhistamine excretion compared with the control group, with the exception that 
excretion of Nt-methylhistamine in the 04.00-08.00 hours sample of the control group 
was slightly higher as compared to group II. 
These increased Nt-methylhistamine levels reflect the release of histamine and 
possibly of other mediators from inflammatory cells. Increased mediator levels could, 
via irritant receptors in the larger airways, enhance the vagal tone and indirectly cause 
an increase in airflow obstruction. Since in the two patient groups no increase in vagal 
activity was observed during the day or during the night, no such indirect mechanism 
can explain nocturnal airflow obstruction. This suggests that the airway smooth muscle 
is contracted by a direct mechanism via stimulation of histamine receptors of the H 1 
subtype.6 Our observations confirm the findings of Barnes et al.4 who observed an 
increase in plasma histamine during the night. In non-allergic patients with chronic 
obstructive lung disease and decreased FEY I values overnight, Postma et al.7 observed 
a slight overall increase in Nt-methylhistamine excretion compared with the matched 
controls, but no nocturnal increase. These observations indicate that at least in allergic 
asthmatic adults and children, mediator release is of importance to nocturnal airflow 
obstruction. The release of mediators is probably due to inflammatory changes in the 
lung occurring at night. This hypothesis is supported by the preliminary results of 
Martin et al.8 In patients with nocturnal asthma they observed an increase in white 
blood cell count, eosinophils, and neutrophils in bronchoalveolar lavage fluid obtained 
at 04.00 hours compared with the 16.00 hours values. 
The importance of mediator release and inflammation in nocturnal asthma is also 
supported by studies in which the effect of anti-inflammatory treatment was studied. 
Using sodium cromoglycate, Bianco et al.9 observed a favourable change in airway 
resistance and pulmonary volumes in the early night and during the day. Hetzel et al. 10 
observed some benefit of the same drug in terms of frequency of nocturnal wheezing 
and bronchodilator aerosol consumption. He did not observe an effect on nocturnal 
PEFR values, but this may be due to the regular use of beta-adrenergic drugs by these 
patients. Another argument in support of the hypothesis that nocturnal airflow 
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obstruction is caused by inflammation, is the observation of Kraan et aJ.5 that treatment 
with inhaled budesonide for four weeks in young adults with asthma resulted in a 
decrease in the degree of bronchial hyperresponsiveness and, moreover, reduced the 
amplitude in diurnal PEFR values. 
Why this significant difference in Nt-methylhistamine excretion existed between 
the two patient groups in our study is not clear. Although no significant differences 
between groups I and I I  existed in daytime FEY I and PC20 histamine values, the two 
groups are indeed different. Daytime FEY I and PC20 values of group I are lower than 
those of the children from group I I ,  and moreover, more children from group I used 
inhalation steroids compared with the children from group II. This indicates that the 
children from group I had more severe asthma, and needed more medication to prevent 
symptoms. 
Nocturnal and early morning dyspnea in asthmatic patients is generally thought to 
be the result of an amplification of the normal circadian rhythm in airflow obstruction.3 
In this study, adrenaline and noradrenaline excretion in the urine was measured as 
an index of adrenergic influence on bronchodilatation. In almost every sample (except 
for the 12.00- 16.00 hours adrenaline sample), mean catecholamine excretion was 
higher in group I than in group II. Differences did, however, never reach a significant 
level. In group I noradrenaline excretion was significantly higher only in the 20.00-
24.00 hours sample compared with the values of group I I  and the controls, and in the 
24.00-04.00 hours sample it was significantly higher compared with the values in group 
I I .  These observations indicate that the 8-adrenergic system is insufficient to prevent 
nocturnal dyspnea. 
The data of Barnes et al.4 were confirmed in our study, a significant fall in 
adrenaline plasma levels overnight was observed in both asthmatics and normal 
subjects. In contrast to his study, we did not observe a significant correlation between 
FEY I values and urinary catecholamine values in individuals at any point in time. 
Increase of parasympathetic activity overnight may be yet another cause of 
nocturnal airflow obstruction. The mean HR and SAG values decreased during the 
night, but the values were comparable in the three groups. The decrease in SAG values 
overnight in all three groups seems to suggest that vagal activity is even lower than 
during the day. All our mean SAG values were lower compared with the asthmatic 
adults decribed by Kallenbach et al. 1 1  Our observations suggest that an increased vagal 
tone is not of major importance in the etiology of nocturnal airflow obstruction in 
asthmatic children. It is possible that the influence of the parasympathetic system 
becomes important only at an older age, since an increase in magnitude of the SAG at 
night was observed by both Postma et al.7 in non-allergic adults with chronic 
obstructive lung disease, and Kallenbach et al.II in asthmatic adults. This age-depen­
dent generation of circadian rhythmicity has also been observed for other rhythms. 1 2  
The finding that parasympathetic activity in asthmatic children is not an important 
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factor i n  nocturnal airflow obstruction is indirectly supported by the observation that 
ipratropium bromide, a parasympathetic blocking drug, is not, or only at high dosages, 
effective against nocturnal dyspnea. 13, 1 4 I t  seems, however, to have a beneficial effect 
in adults with asthma. 15 
I n  conclusion, our results suggest that i n  al lergic asthmatic children histamine and 
possible other inflammatory mediators seem to be the determinant for nocturnal airflow 
obstruction. We hypothesize that environmental factors, and especial ly exposure to 
allergens during the day, i nduce inflammatory processes in the l ung overnight. We 
conclude moreover, that endogenous catecholamine production does not seem to be 
sufficient to prevent the fall in nocturnal FEY I values, and that parasympathetic activity 
does not play a role of importance in the development of nocturnal airflow obstruction 
in allergic asthmatic chidren. 
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In two groups of nine asthmatic children. with (group I) and without (group II) 
increased airflow Ob!,truction overnight, we inve,tigated whether an increa,e in 
bronchial hyperresponsivene))s during the night might be the come4uence of an 
increase in nocturnal airflow obstruction. Patient ))election wa:,, ba:-.ed on the amplitude, 
in PEFR value), measured every four hours on three con,ecutive days at home. All 
medication was withheld three days before. and during the mea�urements. at home a, 
well as in the hm,pital. 
The study was perfonned in the ho:,,pital on four con�ecutive day:,,. On day -L the 
fin,t day of admission, FEY I value), were measured at 08.00. I 2.00. 1 6.00. 20.00. 24.00. 
04.00, and 08.00 hours. On day 6. hiqamine inhalation provocation teq� were per­
formed at the �ame poinh in time a� on day 4. The PC20 values in both group, I and II 
�hawed a nocturnal decrea:,,e, and were comparable at all point:,, in time. 
The re\ults indicate that increa!,ed nocturnal bronchial hyperre!,pon,ivene,, i, not 
determined by the degree of airflow Ob))truction and ,uggeq that other factor, are 
respon!,ible for the tramient increa,e in airway re,ponsivene,,. 
INTRODUCTION 
Nocturnal and early morning dy,pnea b a common ),ymptom in one third of the patient\ 
with a!,thma.1 
One of the propO\ed mechani,m, that might expl.1in a nightly foll 1 11 pulmonary 
function i, a higher degree of bronchial hyperre,pon,ivene,, during the night. Such an 
explanation ,eem-; to be supported by inhalation pro, ocation te:-.h with bronchial 
obstructive agents during 24 hour�. In the paq, De Vrie, and co-worh.er,. and Reinberg 
and co-worker!, ob:,,erved a !,ignificant increa!,e in bronchial hyperre,pon,ivene,:,, at 
04.00 hours in the morning)J 
In allergic patient)) with aq]1111a, the degree of bronchial hyperre,pon,ivene,, a, 
measured by PC20 histamine or acetylcholine,2-1 correlate, with the degree of airflow 
obstruction before provocation. It might therefore be expected that an increa,e in 
airflow obstruction would be as:,,ociated with an increase in airway re:,,pon,ivene\\. A, 
both bronchial hyperre))pOn!,iveness and airflow ob:-.truction are known to increa,e at 
night, the increa,e in bronchial hyperresponsiveness overnight might :,,imply be the 
re:,,ult of an increa:,,ed airflow obstruction. 
The aim of the pre�ent :,,tudy was to investigate whether an increa,e in bronchial 
hyperresponsivene!,S during the night might be the con,equence of a nocturnal decline 
in pulmonary function. Therefore we ,elected two group, of a,thmatic children on the 
basi!, of P EFR mea�urements at home. Group I ,howed a decrea,e in pulmonary 
function during the night. In group II. no decrea:,,e occured. In both groups. spirometry 
and inhalation provocation te:,,t)) with hi!>tamine were carried out every 4 hour:,,, for 24 
hours. 
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METHODS 
Study design 
To obtain groups of chi ldren with a stable amplitude in their pulmonary function, the 
selection was ba!-.ed upon PEFR measurement;, at home.-1 PEFR measurements were 
performed every 4 hours, on three consecutive days at home. Because of the influence 
of medication on bronchial hyperresponsiveness and the ampl itude of the pulmonary 
function.5-6 al l  medication wa!-. wi thheld three days before and during the measu­
rements at home a;, well as in hospital. PEFR measurement!-. were performed at 08.00, 
1 2.00. 1 6.00. 20.00. 24.00. 04.00. and 08.00 hours. 
The patient;, were assigned to 2 group!-.. Group I :  ampl i tude in PEFR values � 20% 
on three con;.ecutive mea!-.urement days, and group I I :  ampl itude < 1 5%, on the three 
day;,. 
The study was perfom1ed from September up to and including November in 1 986 
and I 987. Fixed time;, were i.et for meal;, and ;,leeping in ho;,pital . On day 4, the fir;,t 
day of admi;,;,ion. FEY I value\ were mea;,ured. When the 24 hour ampl itude in FEY 1 
value;, in hospital wa\ not comparable to the amplitude in PEFR values at home, the 
chi ldren were excluded from the \tudy. 
For PEFR values at home as well as the FEY I values in hospita l ,  the best of three 
effort;, wa!> U\ed for !>tati ;,tical analysi;, .  On day 6, histamine inhalation provocation 
test;, were performed. FEY I mea!-.urements on day 4 and h is tam ine i nhalat ion 
provocation test;, on day 6 were performed at the same points in t ime as the PEFR 
measurement;, at home. Bronchodi lator;, were withheld during the whole study. 
RESULTS 
Eighteen patients participated in the ;,tudy. Group I: nine chi ldren. 7 boys and 2 girb, 
aged 9-14. showing an amplitude in PEFR values of more than 20% (mean ± SEM: 
37.6 ± 2. 1 %). Group I I :  n ine children. 5 boys and 4 girls, aged 8- 1 4, showing an 
ampl i tude in PEFR value;, of le\;, than 1 5 %  (mean ± SEM:  9.0 ± 0 .7%) .  The 
characteristic!> of the:,e patient;, are given in Table 5 . 1 . 
PEFR values at home 
In group I a ;,ignificant increa!-.e in ampl itude was observed when day 4 was compared 
to day 6 (p<0.05) :  mean amplitude:, on day 4 and 6 were 33.0 ± 3.2% and 45.0 ± 2.9%, 
respectively. The increase in ampl itude was primarily caused by a decrease in nocturnal 
and early morning PEFR values. When the PEFR values of day 4 were compared with 
tho;,e of day 6, a significant decrease in PEFR value;, at 04.00 hours (p<0.05) was 
observed. The PEFR values at 04.00 hours on days 4 and 6 were 83.4 ± 1 .2% and 74.8 















Clock t ime 
Figure 6 .1  :Circadian change in PEFR values at home ( left panel ) ,  and circadian change 
in FEY 1 % pred. values in hospital (right panel) of group I .  
Continuous l ine: day 4 ;  interrupted l ine: day 6 * p<0.05; t p<0.0 1 ;  :j: p<0.00 I .  
In group I I  no !,ignificant decrease in nocturnal and early morning PEFR value\ wa� 
ob!>erved. The mean ampl itudes on days 4 and 6 were 8 .9 ± 1 .5% and 9.6 ± I A%. 
respectively. 
FEV I values in hospital 
At 08.00 hour!,, the mean FEY 1 % pred. value in group I wa� 78. 1±3 .4% : in group II 
this was 88.5±3 .9% (p>0.05, not i.ignificantly different). At 24.00 and 04.00 hours the 
FEY 1 % pred. values in group I were !,ignificantly lower than in group I I  (p<0.0 I and 
p<0.00 l .  respectively). In group I, FEY I values before histamine provocation on day 6 
showed a sign ificant increase of primarily nocturnal FEY I value\ a\ compared with the 
values of day 4 (Fig. 6. 1 ,  lower panel) .  In group I significant differences in FEY 1 % 
pred. between days 4 and 6 were observed at 1 2.00 hour�: 79.0 ± 4.3% and 85. l ± 3 .7% 
(p<0.02), at 24.00 hours: 69.7 ± 3.9 and 79.4 ± 4.2% (p<0.02). and at 04.00 houri.: 63 . 1  
± 3 .0% and 72.6 ± 2.7% (p<0.0 1 ). respectively. No \ignificant change in FEY 1 value!, 
from day 4 to 6 was observed in group I I .  
Although in group I the FEY I value a t  04.00 hour� increa!,ed during the admi\\ion. 
the FEY I value at 24.00 and 04.00 hour!, on day 6 were \ti l l  !> ign i ficantly higher 
(p<0.05 and p<0.00 1 ,  re!->pectively) in group I I .  
Histamine provocation tests 
Both groups showed a comparable !,ignificant decrea!,e (p<0.0 1 )  in PC20 hi!,tamine 
values when I 6.00 hour value\ were compared with the 04.00 hour value (Fig. 6.2). 
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When PC20 values in the two groups at al l points in time were compared, no significant 
differences wereobserved (Table 6. 1 ). 
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Figure 6.2:Basel ine FEY I value-; (continuou\ l ine�). and 10Iog. transformed PC20 values 
(column�) of group I (upper panel )  and group II ( lower panel) .  
Tahle 6.1 .  Geometric mean ± SEM of 10logPC20 histamine values in  mg/ml of group I 
and I I  in hospital . 
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DISCUSSION 
We investigated two groups of allergic a:..thmatic children, one group with, and the 
other without increased airflow obstruction during the night. Although the difference 
between groups I and II in mean FEY 1 values and mean PC20 values i:-. not !-,ignificant, 
the clinical parameters of the two groups are indeed different. Mean FEY 1 and PC20 
values in group I are lower than in group II, and more inhaled cortico�teroid\ were w,ed 
by the children of group I, indicating that this group had more severe asthma. 
Both groups showed a comparable nocturnal decrea:..e in PC20 histamine value\. 
Our data indicate that an increase in nocturnal bronchial hyperresponsivene<;� i!-. not 
dependent on increased airflow obstruction during the night. Repeated histamine inha­
lation tests can cause tachyphylaxis.7 The fact that the two PC20 values at 08.00 hour!. 
on days 6 and 7 from group I as well as from group II were virtually the :..ame, !.hawed 
that this did not happen in our study. 
In addition, after withdrawal of maintenance medication. we ob\erved an increase 
in amplitude in PEFR values at home in the group which already had a large amplitude 
(group I). After admission to hm,pital, the amplitude in FEY I value\ dimini<;hed in the 
same group of asthmatic children, after withdrawal of maintenance medication. In our 
study we did not observe this change in amplitude of the pulmonary function in group 
II. The results :..ugge:..t that environmental !-,timuli are a contributing factor in the 
increase in amplitude in circadian pulmonary function in the patient:.. of group I. and 
seem to be less relevant in group II. 
De Vries and co-workers and Tammeling and co-worker<; were among the first to 
demonstrate an increased bronchial hyperresponsiveness on histamine challenge in 
allergic asthmatic and bronchitic patients with nocturnal dy:..pnea.2-8 In these \tudie!-. 
the airway susceptibility to histamine was greatest at 24.00 and 04.00 hour!.. 
Investigations by Reinberg et al.' who used acetylcholine. confirmed thi!-, circadian 
rhythm in bronchial hyperresponsiveness, and revealed that the nocturnal increa!-.e in 
bronchial hyperresponsiveness at night is a general characteri!-.tic of the:..e patient!-.. In 
these studies, however, :..election criteria were not ba!-.ed on amplitude!-. in airflow 
obstruction during 24 hours. Therefore, the:..e :-.tudies do not show whether an increase 
in bronchial hyperresponsiveness during the night is the consequence of increased 
airflow ob:..truction, or is independent of it. Our study is the first to show that an 
increa:..ed nocturnal hyperresponsiveness is independent of the increa!-.ed airflow 
obstruction at night. 
Ryan and associates observed a poor correlation between PC20 and the diurnal 
amplitude unless post-salbutamol values were considered.'1 The authors :..uggest that a 
PC20 measured in the morning may be a determinant of the diurnal amplitude in flow 
rates. All but two children in our study had a PC20 of below 4 mg/ml, but nevertheles:.. 9 
children showed large fluctuations in PEFR and FEY 1 values, and 9 showed a small 
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fluctuation. Ryan et al. studied a group of patients which were less hyperresponsive 
than the children from our group. Differences in results may also stem from a 
difference in study design. While our patients were investigated every 4 hours for 24 
hours. Ryan et al. only performed measurements at two time points per day. 
A lmost invariably. bronchodilation is associated with reduced bronchial 
hyperresponsiveness, irrespective of whether bronchodilation occurs spontaneously, 10. 1 1  
or after drugs. 1 2· 14 Conversely, bronchoconstriction is usually associated with increased 
bronchial hyperresponsiveness. l 5. I 6  These shifts in bronchial hyperresponsiveness have 
led to the hypothesis that increased bronchial hyperresponsiveness is simply a 
reflection of changes in bronchial smooth muscle tone. 1 7 
Our study indicates that an increased bronchial hyperresponsiveness during the 
night is not determined by the degree of airflow obstruction, but is an independent 
feature. Conversely, mechanisms other than an increased bronchial hyperresponsive­
ness seem to be responsible for the nocturnal fall in FEY I values in asthmatic patients. 
Why patients with comparable, low PC20 histamine values at 04.00 hours do not all 
have the same low FEY 1 values remains unclear; some of them have comparable day 
and night values of FEY 1 , while PC20 histamine values during the day are significantly 
higher than overnight. Other factors than bronchial hyperresponsiveness must be res­
ponsible for the modulation of the degree of airflow obstruction. 
In our study FEY I baseline values at 04.00 hours from group I and I I  differed 
significantly (p<O.O I ), but no difference in PC20 values could be shown. Our 
observations in asthmatic children with a small amplitude (group II) are in agreement 
with the results of Sluiter et al . 1 8  in patients with emphysema, showing an increase in 
bronchial hyperreactivity at 24.00 and 04.00 hours, accompanied by stable FEY I values 
during day and night. An explanation of this finding may be that in this latter, sup­
posedly non-allergic, group the airflow obstruction is already severe and, more impor­
tantly, irreversible. Another possible explanation is that circadian swings in PC20 values 
occur in all human beings. 
The recognition that house dust mite faecal pellet is the source of a very potent 
antigen in patient with house dust mite allergy, has led to the suggestion that intensive 
contact with mites in beddings might precipitate airflow obstruction at night. Recently, 
strict exclusion of house dust mite has been shown to decrease bronchial hyperrespon­
siveness and morning dyspnea.20 
In our group of children who showed a large circadian amplitude in pulmonary 
function (group I), we observed a significant increase in amplitude of PEFR values 
when they were at home without medication. The first sign of deterioration of the 
disease was the drop in nocturnal PEFR values, while day-time values remained 
normal. However, when the same children were admitted to hospital, the amplitude of 
FEY 1 % pred. values decreased significantly. Such instability in amplitude was not 
measured in the children of group II, neither in the home situation, nor in hospital. It is 
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possible that exposure to inhaled allergens during the day leads to nightly symptoms of 
dyspnea due to a late asthmatic response.2 1 This would suggest that allergen avoidance 
during the day could lead to a reduction of symptoms overnight. 
We cannot account for the observation that children who already have a large 
amplitude, are susceptible to environmental changes. It is possible that the group with 
the large amplitude (group I) is more exposed to allergic and non-allergic stimuli at 
home, and therefore shows a more instable amplitude in pulmonary function in 
different environmental situations, after withdrawal of medication. Barnes et al.22 
showed an increase in nocturnal plasma levels of histamine in a group of allergic 
asthmatic adults with nocturnal airflow obstruction, and hypothesized that this 
nocturnal increase could contribute to nocturnal dyspnea. A difference in histamine 
production at night between our two groups could be another explanation for our 
observation. 
In summary, we conclude that increased bronchial hyperresponsiveness during the 
night is not in itself responsible for nocturnal dyspnea in allergic asthmatic children, 
because we observed a comparable decrease in nocturnal PC20 values in asthmatic 
children both with, and without a nocturnal dip in their FEY 1 % pred. values. 
Furthermore, we conclude that environmental factors at home, and a possible reduction 
of these factors in the hospital, may influence nocturnal airflow ob).truction in opposite 
directions after withdrawal of medication. 
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INTRODUCTION 
Nocturnal ai rflow obstruction in asthmatic chi ldren may be induced by both 
endogenous and exogenous stimuli. The nightly fall in pulmonary function in asthmatic 
children may, for instance, be the result of late obstructive reactions (LOR) due to 
allergen expo!.ure during the day. Moreover, it has been shown that an inhalation test 
with allergen may lead to recurrent asthmatic attacks for many nights. 1 .2 Besides 
challenge with allergens, exercise has also been found to produce early and late 
obstructive reactions (EOR and LOR, respectively). 1.4 
We hypothesized that asthmatic chi ldren with increased nocturnal a i rflow 
obstruction may suffer more frequently from LOR due to exogenous stimuli during the 
day than asthmatic children without increased nocturnal airflow obstruction. Therefore 
we investigated bronchial obstructive reaction patterns after HDM inhalation and after 
exercise, in asthmatic children with and without increased nocturnal airflow ob�truc­
tion. Additionally, we investigated whether any differences between the two groups 
were caused by differences in adrenaline and noradrenaline response, or by differences 
in NLmethylhistamine excretion (as a representative excretion product of histamine 
release) during and after both stimuli. The results during and after exercise in both 




Three days before and during the PEFR measurements at home, as well as three days 
before and during the <;tudy in the hospital, all medication was withheld. The study was 
performed from September up to and including November in 1 986 and in 1 987. Fixed 
times for meals and sleeping were set in the hospital. 
On day 4, the first day of admission, FEV I values were obtained every 4 hours 
during 24 hours. Times of measurement were 08.00, 1 2.00, 1 6.00, 20.00, 24.00, 04.00, 
and 08.00 hours. Before each set of measurements the children rested in supine position 
for 20 minutes. With intervalls of 4 hours, starting at 08.00 hours, urine samples were 
collected for the determination of free catecholamines and N•-methylhistamine. The 
values from the samples from 08.00-20.00 hours served a� control values to the values 
obtained on both provocation days. 
On day 8, HDM inhalation tests (see chapter 2, house dust mite provocation) were 
performed at 08.00 hours. FEV I values were then measured with intervals of 2 hours up 
to and including 20.00 hours. With intervals of 2 hours, urine samples for the 
determination of free catecholamines and Nt-methylhistamine were collected starting at 
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8.00 hours until 20.00 hours. 
Exercise tests (see chapter 2, exercise) were carried out six weeks after the HOM 
inhalation, in order to avoid carry-over effects of the allergen inhalation,5 The patients 
performed an exercise test at 08.00 hours. The rest of the study protocol was the same 
as during the HOM provocation day. 
When individual FEY I values at 8.00 hours on e_ach provocation day differed more 
than 15% from the 8.00 hour FEY I value of the control day, the children were excluded 
from the study. 
Since on the control day only 4-hourly measurements were performed, and on both 
provocation days measurements were performed with 2-hour intervals, the data in 
between two control points of measurement on the challenge day ( 10.00, 14.00, 18.00 
hours) were compared with the preceding values on the control day. 
The early obstructive reaction (EOR) is defined as a fall of 15% or more from the 
08.00 hours prechal lenge FEY I value, within the first hour after the challenge on the 
provocation days. 
The LOR is defined as the first fall in FEY I of 15% or more, occurring 3- 10 hours 
after the EOR, expressed as percentage difference between the FEY I value at a given 
point in time on the provocation day and the same time of the day on the control day. 
RESULTS 
For both patients groups, nine alJergic asthmatic children, aged 8- 15 years were 
selected. The clinical data of all patients are presented in table 5.1. 
Pulmonary function measurements 
Forced expiratory volume values in I second (FEY 1 ) on the first day of admission for 
all three groups are presented in figure 5.1. For all points of measurement the FEY 1 
values of the controls were significantly higher (p<0.05) than in the two patient groups. 
The 08.00 hours FEY I value in group I was 78. 1 ± 3.5%, and in group II 88.5 ± 
3.9%. The difference between the groups is not statisticaly significant. 
FEV I values after house dust mite provocation 
According to the protocol al l patients were chal lenged until they developed a fall in 
FEY I of at least 15% compared with prechallenge FEY I values. Mean fall in FEY 1 
during the EOR of group I was 37.4 ± 5.7%, and of group I I  25.2 ± 3.9%. The 
difference in percentage fall in FEY I between the two groups was not significant 
(p>0.05). The allergen dosages needed to induce an EOR (mean Slog.dose ± SEM) were 
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for group I 3,32 ± 1,0 I and for group II 3,56 ± 0,88 BU/min, respectively, the diffe­
rence being not significant. Prechallenge FEY 1 %pred. value in group I was 8 1. 1  ± 
2.8%, and in group II 89.6 ± 3. 1 % (no significant difference between groups I and II; 
no significant difference with control day values of both groups). 
Seven out of 9 patients in group I, and 8 out of 9 in group II developed a LOR. 
There were no differences in percentage fall of FEY I during the LOR between the two 
patient groups. Mean values of the percentage fall for groups I and II were 37. 1 ± 6.2% 
and 36.4 ± 3.9% respectively. 
FEV I values after exercise 
All children performed a treadmill exercise test with similar workload.6.7 Heart rate was 
kept over 180 beats per minute in all children. 
Prechallenge FEY 1 %pred. values of groups I and II were 8 1.3 ± 3.6% and 89.3 ± 
3.4% re�pectively (not significantly different). The prechallenge value of the control 
group was 103.5 ± 3.5%. The prechallenge values of all three groups on the exercise 
day were not significantly different from the 08.00 hours values on the control day. 
Six children in group I, and 5 in group II developed an EOR after exercise (EIA+). 
There existed no significant differences in percentage fall from baseline value between 
the EIA+ children from the two groups. Mean values in percentage fall of these 
children from group I and II were 28.5 ± 5.4% and 24.0 ± 1.8%, respectively. 
None of the control children showed a fall in FEY I on exercise. Not a a single LOR 
after exercise was observed in any of the three groups. 
Urinary catecholamine excretion 
The adrenaline excretion values in the first two hours after HOM challenge showed 
no change compared with the values of the control day in either patient group, (Fig. 
7. 1) in spite of the severe degree of airflow obstruction in some patients. The decrease 
in noradrenaline excretion in the first two hours after HOM challenge as compared to 
values of the control day in group I (Fig. 7. 1 )  was significant (p<0.0 1 ), 
After exercise, in group I no increase and in group II a non-significant increase in 
catecholamine excretion in the first two hours after the provocation was observed, 
re�pectively (Fig. 7. 1 ). A higher adrenaline and noradrenaline urinary excretion in 
group II wa� observed compared with the values of group I, although differences did 
not attain significance (p>0.05). 
In the control group, a significant increase in adrenaline (p<0.05) as well as in 
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Figure 7.1 :Adrenaline and noradrenaline excretion during the first two hours during 
and after the challenges. Open bars represent values of the control day, striped bars 
represent values of the house dust mite challenge day, and black bars represent values 
of the exercise day. 
(p<0.05) in urinary adrenaline excretion level existed between the control group and 
group I during the first two hours after exercise. 
During the rest of both provocation days no differences in catecholamine excretion 
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Figure 7.2: N•-methylhistamine excretion during the first two hours during and after 
the challenges. Open bars represent values of the control day, striped bars represent 
values of the house dust mite challenge day, and black bars represent values of the 
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Urinary Nt-methylhistamine excretion 
Although a mean increase in Nr-methylhistamine was observed during the first 2 
sampling hours after HOM inhalation (Fig.7.2) ,  this increase did just not reach 
significance in either group. During the LOR, no increases in Nt-methylhistamine 
excretion were observed at all. 
No differences in Nt-methylhistamine excretion were ob-.erved after exerc i �e 
compared with the control values of each group, during the complete 12 hours 
measurement period. 
DISCUSSION 
The resulH. of thi � �tudy �how that the two group!-. of a!-.thmatic patients had a 
comparable fall in FEY I during the EOR and LOR after HOM challenge. I n  6 out of 9 
children in group I (the group with increased airflow ob!-.truction overnight). and in 5 
out of 9 children in group II (the group without increa�ed airflow ob�truction overnight) 
exercise re�ulted in an EOR. Percentage fall in FEY I between the EIA+ patienh from 
both group!, were not !,ignificant. The observation that no differences exi-.ted between 
the two group!, of asthmatic children in airflow ob-.tructive pattern� after either -.timulu-. 
-.ugge!-.ts that an increa�e in the amplitude of the circadian rhythm i-. more like!) to be 
caused by other endogenou!-. or exogenou-. factor�. 
We did not find any LORs after exerci�e. although almo�t all children had a LOR 
on HOM challenge. This is in contrast to the re-;ults of other inve-.tigators. 3.-l Moreover. 
in these studie� a significant correlation between the degree of the EOR and the 
occurrence of a LOR exi-.ted. Our ob-.ervation� do not confirm thi� -.ugge-.tion, a-. the 
fall in FEY 1 after exercise in our study (EIA+ children in group I: 28.5 ± 5.4%. and in 
group II: 24.0 ± 1.8%) i!, comparable with the re�ulh of the�e invei.tigators (about 29l'/4 
for reference 4 and 23.6 ± 4.0% for reference 5 ), while we did not observe any LOR. In 
addition, Lee et al.3 and Bierman et al.4 l,Uggested that the LOR occurred in patients 
who do not appear to have a complete return to ba�eline FEY I values within three hour� 
after completion of the te�t. An explanation for the differences in re!,ult� may be that all 
children with an EOR in our study returned to their ba�eline FEY 
I value�. or in mo\t 
patienh even to values above baseline, within two hour!, after exerci�e. It i-. not clear. 
however, why all our patients returned to baseline FEY 1 values. while the patient!-. with 
a LOR of Lee et al. and Bierman et al. did not return to ba!-.eline value�. 
Rubenstein et aI.X, who observed a LOR only in 6 out of 53 patient� with EIA. 
�uggested that the large number of LOR-. after exerci�e obl,erved by the�e investigator\ 
may be due to the fact that in these studiel, the control day preceded the exercise day, 
and that the observed LOR� were, in fact. due to wor-.ening of the pulmonary function 
after withdrawal of medication. 
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We observed a severe fall in FEY I values during the EOR after HDM and exercise 
challenge. Nevertheless we could not measure a significant increase in urinary 
catecholamine excretion after the two challenges in both patient groups.  Despite the 
comparable strenuous exercise level in all three groups,  only the healthy children 
showed a significant increase in urinary adrenaline excretion as well as urinary noradre­
naline excretion after exercise. Our data suggest an impaired adrenal response during 
the EOR both after allergen inhalation and after exercise. Abnormally low plasma 
adrenaline levels have previously been observed in asthmatic patients who were admit­
ted to hospital because of acute severe asthma.9 The impaired response in our study 
appears not to \tern from frequent use of beta-adrenergic drugs, since all but one of the 
asthmatic patient!> w,ed these drugs only incidentally. Our findings confirm the data of 
Barnes et al . HJ They suggested that the circulating catecholamines have no direct role 
in exercise-induced airflow obstruction. but may play a permissive role via the mast 
cell .  We could not, however, confirm this hypothesis, since we did not observe an incre­
a�e in Nt-methylhi!>tamine excretion during and after exercise in either group of 
asthmatic children. 
There was a striking difference in urinary catecholamine excretion level between 
the children from groups I and II after exercise. levels in the latter group being highest. 
This may stem from the fact that. although not significantly, FEY I and PC10 values in 
group I were obviously lower than the values of group II. Moreover, more children 
from group I used inhalation corticosteroids as compared to the children of group I I .  
These clinical parameter!> indicate that the children of group I had more !>evere asthma 
than tho!>e in group I I .  Our observations that adrenaline excretion is significantly 
reduced in group I, but only slightly impaired in group I I ,  suggests that the adrenergic 
response is gradually reduced on allergen and exercise challenge, depending upon the 
!>everity of asthma. 
This may abo explain the different results obtained by Chrys!>anthopoulos et al . 1 1 , 
who observed that plasma levels of adrenaline at re!>t, and during and after exercise, 
were similar in asthmatics and in normal controls. The patients of Chryssanthopoulos et 
al . are, however, comparable to the children from our group I I ,  but not to the children of 
group I. None of their patients had ever u!>ed corticosteroids,  while most of our patients 
from group I used inhalation corticosteroids on a regular basis, in contrast to our 
patients in group II .  In addition. the mean FEY 1 %pred. value of their patients was 90o/c- ,  
which i !>  comparable to the values of our group II .  
After the fiN two hour\, no differences in urinary catecholamine excretion existed 
during the rest of the day between the control and challenge days, despite the severe 
LOR after HDM challenge in most children. This again �upport!> the idea that the beta 
adrenergic system is not sufficiently stimulated by an increase of airflow obstruction. 
In both patient groups, urinary Nt-methylhistamine excretion during the first two 
hours after HDM provocation showed a tendency to increase compared with the 
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control day. These findings point in the same di rection as the observations of Keyzer et 
al. 1 2 and Uiwhagen et al. 11 who !,howed a !> igni ficant increase in urinary N 1-
methylhistamine excretion during the EOR by comparing differences between pre- and 
post challenge values on the control and the inhalation day. This indicate!. that the EOR 
after allergen challenge is accompanied by histamine release, !,Uggesting di rect 
involvement of mast cells. During the LOR upon HOM challenge. however. no change!> 
in N1- methylhistamine excretion occurred in either patient groups compared with the 
control day. This correspond!> with the data of others, 1 2. l-l.l 5  and confim1 the general 
opinion that the mast cell is not directly involved in the LOR. 
In 1 98 1  Barnes et aJ .16 observed that plasma hi!,tamine -levels after exerci..,e were 
significantly higher in asthmatics than in normal controls. and suggested a di ..,charge of 
mediators during exercise in asthmatics who developed exerci�e-induced a ... thma. 
Other investigators, 1 7. 1 8  using more sensitive methods of histamine determination. did 
not find the EOR after exercise to be accompanied by increa!>ed histamine levels. 
indicating that in contrast to the increase in hi1:>tamine after allergen challenge. ai rflow 
obstruction after exercise i!, achieved via another pathway. In accordance with the!>e 
latter stud ies we d id not ob!,erve any di fference� in urinary N1-methylhistamine 
excretion after exercise compared with the control day value!> in all three group1:>. 
In conclusion, we observed no di fferences in ai rflow ob!,tructive patterns after 
HOM challenge and exerci!,e in the two group,; of a1:>thmatic children. indicating that 
both groups of children have the same ability to develop a LOR .  Difference,; in 
environmental allergen expo1:>ure may rather influence the amplitude of the pulmonary 
function. 
We could not confirm the observations of other investigators of LOR!. after exer­
cise, in spite of the demom,trated ability of the patients to develop a LOR on allergen 
challenge. 
An impaired adrenergic response in asthmatic children after both �timuli wa.., 
e1:,tablished. The results from our two patient group!, ..,uggest that the degree of 
impairment is related to the severity of asthma. During and after the EOR on H OM 
challenge, a mean increase in NLmethylhi!.tamine excretion existed. We did not 
observe an increase in NLmethylhi!.tamine excretion during the LOR. indicating that 
histamine release i!> not of major importance in the development of airflow ob:-truction 
during the LOR. 
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A circadian variation in pulmonary function can be observed in normals with peak and 
trough values at 1 6.00 and 04.00 hours respectively.1 Both in children and in adulti. 
with asthma the amplitude of the pulmonary function (i.e. the difference between the 
highest and lowest value measured over 24 hours expressed as percentage of the 
highest value) is increased and leads to nocturnal dyspnea.2 The latter may awake 
asthmatics and influence everyday activities. 
Recognition of increai.ed nocturnal airflow obstruction can be difficult, and 
underlying mechanisms are only partly solved. Several studies in this field have been 
performed in adults, and since mechanii.ms may alter with increai.ing age, it ii. possible 
that in childhood other factors may contribute to nocturnal dyspnea than in adulthood. 
Evidence for this latter hypothesis is that certain drug!,, that are of some help against 
nocturnal dyl>pnea in adults,1 do not show the same results in children with comparable 
complainb.4 In this thesis , studies were focused on the effect:,, of bronchial 
hyperresponsiveness, autonomic regulation of bronchial smooth muscle tone, and of 
mediator release, on circadian changel> in airway diameter. 
The aiml> of the presented studies were: 
I .  to asi.ess the effects of withdrawal of maintenance treatment on the circadian 
variation of lung function both at home and in hospital. 
2. to investigate endogenou� mechanisms that might contribute to nocturnal dy!,pnea, 
in order to attain a better understanding of the phenomenon. 
3. to investigate whether an increased bronchial hyperresponsiveness at night wai, the 
consequence of i ncreased airtlowobi.truction at night. 
4 to investigate whether exogenous stimuli, particularly house dust mite (HDM) 
inhalation and exercise, influence the fall in  pulmonary function overnight. 
5. to investigate whether a PC 10 or a PC 1 5 histamine are as reproducible as a PC20 
histamine in the assessment of the degree of bronchial hyperrei.ponsiveness in 
asthmatic children. 
In chapter I ,  an introduction to chronobiology, and an overview of investigations 
concerning the subject of nocturnal dyspnea have been given. In this chapter the aims 
of the study are described in more detail. 
In chapter 2 the selection procedure of the two groups of allergic asthmatic 
children ,  and of their normal controls has been reported. The selection of the two 
groups of asthmatic children was based on peak expiratory flow rate (PEFR) measure­
ments at home, every four hours, on three consecutive days. In these two groups, a 
number of measurements were performed that took place in the hospital. The results of 
these investigations are reported in chapters 5 ,  6, and 7. 
Group I, consisted of allergic asthmatic children with an amplitude in P EFR values 
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of 20% or more, and group II consisted of a group with an amplitude of less than 15%. 
Other inclusion criteria for the two groups of asthmatic children were a forced 
expiratory volume in one second expressed as percentage of the predicted value 
(FEY 1 %pred.) of at least 70% or more during the day, positive skin tests to at least 
HDM, and an increased bronchial responsiveness to histamine. 
The children of group II and the normal controls were matched for age to the children 
of group I. 
This chapter describes the complete study design (Fig. 1 ), the techniques of 
provocation tests, and laboratory determinations of adrenaline, noradrenaline, and N'­
methylhistamine. 
Home 
p p p 
4 5 6 
A l l  days no med i cat i on 
Hosp i ta l  
H HOM 
4 5 6 7 8 
E 
4 
Figure I :  Study design of the two groups of patients. P=PEFR, S=spirometry, 
H=histamine inhalation provocation, HDM=house dust mite provocation, E=exercise 
test. The arrow indicates the first day of admission. 
In chapter 3 we calculated whether PC 1 0  and PC 1 5 histamine are as reproducible as 
PC20 histamine in the assessment of the degree of bronchial responsiveness in asthmatic 
children. Therefore an inhalation provocation test with histamine was carried out on 
two consecutive days at 08.00 hours. We compared PC 1 0, PC 1 5, and PC20 values from 
twelve children on days 6 and 7 of the protocol and observed that all three indices of 
bronchial responsiveness were approximatt.iy equally reproducible. We concluded that 
a 10% fall in FEY I after histamine provocation is sufficient to estimate the degree of 
bronchial hyperresponsiveness in asthmatic children. 
Clinical implications of this study are that once the diagnosis "CARA" (chronic a­
specific respiratory affections) in children has been established, the follow up of 
bronchial hyperresponsiveness can be performed with a PC 1 0  histamine. In children a 
PC 10 instead of a PC20 may have the advantage of being less bothersome, and for the 
laboratory it may have the advantage of being less time-consuming. Another argument 
for using a PC 1 0  instead of a PC20 in the assessment of the degree of bronchial 
hyperresponsiveness may be that in relatively healthy persons a PC20 can never be 
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reached due to the sigmoid shape of the dose-response curve with a maximum response 
plateau. To compare bronchial responsiveness in normals with asthmatic patients, the 
use of a PC J O  may be of help. 
This study does not prov ide an answer to the question whether a PC 1 0  or PC 1 5  
histamine is sufficient to determine the cut-off between "asthma" and "normal" in a 
general population. Further investigations are necessary to investigate difference� in 
"diagnostic value" of a PC 1 0, PC 15, and PC20 histamine. 
In chapter 4 we discussed which factors could be of help to cl inicians and patients 
in the recognition of nocturnal airflow obstruction. Therefore we investigated in well­
controlled children with asthma whether it was possible to use daytime FEY I or PEFR 
measurements, or drugs needed to control the d isease, to pred ict the dec l i ne in 
nocturnal PEFR value� after withdrawal of all medication. We were interested whether 
pulmonary complaints, or decrease in PEFR values, were the first signs of deterioration 
in the disease state. 
Three days before, and during the measurements all medication was withheld and 
the asthmatic patients performed PEFR measurements every 4 hour!>, for 3 days. 
Selection of the children for group I or I I  was based upon the amplitude in their PEFR 
values. 
This study shows that it is not possible to predict from daytime FEY 1 and PEFR 
values alone, obtained during treatment, which asthmatic child would react with a 
nocturnal decl ine in PEFR values after withdrawal of medication. 
The children with an amplitude of 20% or more showed an increase in amplitude of 
PEFR values when day 4, after withdrawal of maintenance medication, was compared 
with day 6. This increase was primari ly caused by decreasing nocturnal PEFR values. 
We did not observe this phenomenon in group I I .  
We observed that chi ldren with a large amplitude, were more frequently dependent 
on inhaled corticosteroids compared with children with a smal l amplitude. There were 
no differences between the patients from group I and II in clinical history (all children 
werewell-control led with their maintenance medication), nor in daytime pulmonary 
function values when on maintenance medication. The children in group I had already 
been considered as having more severe asthma. During the measurement days, we were 
surprised that only three out of thirty-six had to be considered as drop-outs. Although 
the chi ldren and parents were instructed to contact us and restart maintenance 
medication when the symptoms became troublesome, 47% of the participating children 
in the study showed a large decl ine in PEFR values overn ight, but did not restart 
medication. This suggests that an i ncrease in a i rflow obstruction overn ight i s  
underestimated by both parents and children. 
History and daytime PEFR measurements shortly after withdrawal of medication 
provide insufficient information about the change in cl inical disease state. Our advice is 
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to evaluate the effect of a reduced therapeutical regimen on the occurrence of nocturnal 
airflow obstruction by early morning (08.00 hours) PEFR measurements at home, after 
reduction of medication. Special attention should be paid to children using inhaled 
corticosteroids. 
In chapters 5, 6, and 7 the results of studies that took place in the hospital are 
reported. All three groups consisted of 9 children. 
In chapter 5 we investigated in the two groups of asthmatic children defined above, 
and their matched controls, whether endogenous factors, such as circadian changes in 
catecholamine production (measured as adrenaline and noradrenaline excretion in 
urine), circadian changes in vagal activity (indirectly measured as changes in heart rate 
and in sinus arrhythmia gap, the mean difference between maximum and minimum 
heart rate per minute), and circadian changes in histamine release (as measured by NL 
methylhistamine), could contribute to the nocturnal fall in FEY 1values. 
We observed that the N•-methylhistamine excretion in group I was on a higher 
overall level compared with the values of both other groups, and that group II showed a 
higher level than the controls. In group I we found that N•-methylhistamine excretion 
increased during the night, in contrast to the excretion levels in both other groups. 
These data suggest that the increased airflow obstruction overnight is the result of an 
increased release of histamine and possibly other mediators overnight. Our data are in 
accordance with the preliminary results of Martin et al.5, who, in adult patients with a 
nocturnal increase in airflow obstruction, observed an increase in white blood cell 
count, eosinophils, and neutrophils in bronchoalveolar lavage fluid obtained at 04.00 
hours compared with the 16.00 hours values. 
It is possible that this difference in N•-methylhistamine excretion between group I 
and II is exogenously determined. We hypothesize that environmental factors, and 
especially exposure to allergens during the day, induce inflammatory processes in the 
lung overnight. Another explanation may be that mean values of FEY I and PC20 
histamine are lower in group I than in group II, although differences did not reach 
significant levels. The latter is possibly due to the small number of patients. More 
children in group I used inhaled corticosteroids than in group II. The above-mentioned 
findings suggest that the children from group I had more severe asthma than the 
children from group II. This difference is possibly determined by differences in expo­
sure to stimuli at home. 
We did not observe significant differences in variation of vagal activity between 
the three groups. This means that, in contrast to the observations in adults,6 vagal 
activity in asthmatic children is not of - importance to the increased airflow obstruction 
overnight. Our observation is supported by the finding that ipratropium bromide, an 
anticholinergic drug, does not prevent the nocturnal fall in FEY I values in asthmatic 
children,4 while the drug is effective in adults} 
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In addition, no major differences in catecholamine excretion were observed 
between the three groups. In all three groups daytime excretion levels were higher 
compared with nocturnal levels. This indicates that in allergic asthmatic children with 
nocturnal airflow obstruction catecholamine secretion is not stimulated by increased 
airflow obstruction and that the catecholamine levels are not sufficient to prevent the 
nocturnal fall in FEY I values. 
In chapter 6 variations in bronchial hyperresponsiveness were discussed. The 
increase in bronchial hyperresponsiveness overnight coincides with the fall in FEY 1 .7 
The aim of this study was to investigate whether an increase in bronchial 
hyperresponsiveness during the night was the consequence of a nightly decline in 
pulmonary function. 
To answer this question, inhalation provocation tests with histamine were 
performed every 4 hours for 24 hours, starting at 08.00 hours. In both groups of 
asthmatic children we observed a nocturnal increase in the degree of bronchial 
hyperresponsiveness, despite the fact that the children from group II hardly showed a 
nocturnal fall in prechallenge FEY I values. This suggests that increa�ed bronchial 
hyperresponsiveness is not by itself responsible for nocturnal dyspnea in asthmatic 
children. Thus the circadian variation in the degree of bronchial hyperresponsiveness 
seems to be an independent feature. 
This study also shows that 4 hourly histamine inhalation challenges does not induce 
tachyphylaxis to histamine as has been reported in adult asthmatics.11 Our 08.00 hours 
PC20 histamine values on days 6 and 7 of the study were comparable. 
When in group I FEY I values on day 4, the first day of admission, were compared 
with prechallenge FEY I values of day 6, we observed a decrease in amplitude primarily 
due to increasing nocturnal FEY I values This wa� in contrast to the observations at 
home where they showed a decrease in PEFR values. Again, no �ignificant alterations 
appeared in the pulmonary function parameters of the children from group II. 
The design of the study did not provide an answer to the question why asthmatic 
children with a large amplitude of pulmonary function parameters are more susceptible 
to environmental changes. It is possible that the group with the large amplitude is more 
exposed to airflow obstructive stimuli at home, and that these contacts during the day 
may lead to worsening of airflow obstruction at night. 
In chapter 7 investigations have been reported concerning both groups of asthmatic 
children after challenge with HOM inhalation and exercise. Next to endogenous 
factors, exogenous stimuli may contribute to the increase in airflow ob�truction 
overnight. We hypothesized that asthmatic children with increased nocturnal airflow 
obstruction overnight suffer more frequently from a late asthmatic reaction (LOR) on 
HOM and exercise challenge. We investigated whether differences between the two 
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groups of asthmatic children existed in airflow obstructive patterns after HOM inhalati­
on and exercise. Moreover, we investigated whether these possible differences between 
the two groups were caused by differences in adrenal ine and noradrenaline response, or 
by differences in Nt-methylhistamine excretion. 
The results of the investigations of both groups of asthmatic children were compared 
with values of their controls after exercise. 
In the two asthmatic groups. no differences were observed in airflow obstructive 
pattern after both stimuli .  All children showed an early, and almost all showed a late 
obstructive reaction (EOR and LOR, respectively) after HOM challenge. Five chi ldren 
from group I, and 6 from group II showed an EOR after exercise. No LORs were 
observed after exerc ise, in contrast to some observations described in the l iterature.9- 1 0  
In the two asthmatic groups, urinary catecholamine excretion was impaired after 
both challenges compared with the values of the healthy controls after exercise. Group 
II showed a higher response than group I. As discussed above. since group I may be 
considered as having more severe asthma than group I I ,  it seem!> that the degree of 
impairment of catecholamine excretion is related to the severity of the disease. During 
the rest of the day, especially during the LOR after HOM challenge, no increase in 
catecholamine excretion was observed. This again, suggests that even severe airflow 
obstruction does not stimulate catecholamine secretion in asthmatic chi ldren. 
We did not observe s ignificant differences between the groups in Nt-methyl­
histamine excretion during and after both stimul i .  After HOM challenge, we observed 
during and after the EOR. a mean increase in urinary NLmethylhistamine excretion in  
both groups of asthmatic chi ldren. This observation points in the direction of other 
studies, 1 1 . 1 2  in which a !>ignificant increa!>e was observed. We did not observe an 
increase in  Nt-methylhistamine excretion during the LOR, indicating that h istamine 
release is not of major importance in the development of airflow obstruction during the 
LOR. 
Final conclusions 
A nocturnal fal l  in pulmonary function during the night i s  poorly recognized by 
asthmatic chi ldren and their parents. 
Moreover, day-time PEFR and FEY 1 measurements obtained when on medication are 
not sufficient to predict the nocturnal decl ine in pulmonary function after withdrawal of 
medication. Fol low-up of PEFR measurements after reduction of the therapeutical 
regimen at 08 .00 hours may suggest the presence of increased nocturnal airflow 
obstruction. 
The increase of h istamine excretion overnight seems to be of importance to the 
development of the nocturnal fal l  in FEY 1 val ues in asthmatic ch i ldren .  The 
orthosympathetic system does not seem to be sufficient to prevent the fal l  in nocturnal 
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FEY I values. The parasympathetic system is not of importance to noctural airflow 
obstruction in allergic asthmatic children. This is in contrast to adults with asthma or 
with chronic obstructive lung disease. 
The circadian variation in bronchial hyperresponsivenes� in children with and 
without increased airflow obstruction overnight is comparable, suggesting that the 
circadian variation in bronchial hyperresponsiveness is independent of the degree of 
airflow obstruction. 
After HOM inhalation as well as after exercise we observed an impaired adrenergic 
response in both groups of asthmatic children, which seems to be related to the severity 
of the disease state and not to the degree of airflow obstruction due to the two stimuli. 
Both groups of allergic asthmatic children showed comparable reactions to 
exogenous stimuli. Taken together with the observation that after withdrawal of 
medication at home the amplitude in pulmonary function increased, while in hospital 
the opposite happened, this suggests that nocturnal airflow obstruction may be 
determined by exogenous factors. It seems worthwile to continue investigations in this 
direction. Mem,uremenb of al lergen concentrations in the normal surroundings of 
asthmatic children with and without nocturnal airflow ob�truction may answer the 
question whether allergen exposure determines the increased amplitude in pulmonary 
function. In addition, studies in seasonal variations in the circadian amplitude of the 
pulmonary function may help to answer the question whether nocturnal airflow 
obstruction i� exogenously determined. 
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Normale personen hebben een circadiane (ongeveer 24 uur durende) variatie in hun 
longfunctie met piek en dal waarden om respectievel ijk 16.00 en 04.00 uur. 1 Bij zowel 
k inderen als volwassenen met astma is de ampli tude van de longfunctie ( i .e .  het 
verschil tussen de beste en slechtste waarde, gemeten over 24 uur en u i tgedrukt ab 
percen tage van de bes te waarde) toegenomen hetgeen aan le id ing J..an zijn tot 
nachte l ijke kortademigheidsklachten.2 Tot nu  toe zijn factoren die zouden kunnen 
bijdragen aan de nachtelijke daling in de longfunctie slechts ten dele opgelost. 
Zowel bij volwassenen als bij k inderen kan nachtelijke J..ortademigheid de nachtrw,t 
verstoren, en de dagelijkse activite iten in negatieve zin beinvloeden. 
De nachtelijke bronchusobstructie wordt zowel door de patient ab door de doJ..ter 
moei l ijk herkend. Yersch i l lende studies op dit terrein  werden bij volwas),enen verricht, 
en aangezien onderliggende mechani�men met het toenemen van de leeftijd J..unnen 
veranderen, is het mogelijk dat op de kinderleeftijd andere factoren een rol �pelen bij 
nachtel ijke kortademigheid dan bij volwassenen. Een aanwijzing voor deze laatste 
hypothese is dat bepaalde geneesmiddelen goed helpen tegen nachte l ijJ..e J..ort­
ademigheid bij volwa��enen. terwijl ze dat niet doen bij kinderen. 1 � De �tudie� in dit 
proefschrift waren gericht op de effecten van bronchiale hyperreactiviteit . de autonome 
regu la t ie  van de g ladde spieren van de bronch iaalboom en het  vrijJ..omen van 
mediatoren, op de circadiane verandering van de diameter van de luchtwegen. 
Het doel van de verrichte studies wm, om: 
I .  de effecten op veranderingen in de 24-uun, longfunctie van het ontreJ..ken van 
onderhoudsmedicatie thuis en in het 7iekenhui� te onder1.0eJ..en. 
2. endogene mechanismen te onderzoeken die aan nachtelijJ..e kortademigheid kunnen 
bijdragen, om zodoende meer van dit fenomeen te kunnen begrijpen. 
3. te onderzoeken of de nachtelijke toename van de bronch iale hyperreactiviteit het 
gevolg was van de toename in nachtelijJ..e bronchu),ob�tructie. 
4. te onderzoeken of exogene priJ..keb, met name hui�stofmijt inhalatie en in�panning. 
van inv loed zijn op de nachtelijke daling van de longfunctie. 
5 .  te onderzoeken of een PC 10 of een PC 1 5  hi).tamine even reproduceerbaar Lijn ah een 
PC20 histamine, bij het bepalen van de mate van bronchiale hyperreactiviteit bij 
k inderen met astma. 
In hoofdstuk I wordt een inleiding en een overzicht over chronobiologie in relatie 
tot nachtelijke kortademigheid gegeven. In dit hoofdstuk wordt ooJ.. het doel van de 
studies beschreven. 
In hoofdstuk 2 wordt de selectie procedure van de twee groepen al lergi �che 
kinderen met astma en hun gezonde controles beschreven. Twee groepen kinderen met 
a),tma werden geselecteerd op basis van piek stroom (PEFR) metingen die gedurencle 
1 1 5 
drie achtereenvolgende dagen thuis, elke 4 uur, verricht werden. B ij deze twee groepen, 
beide bestaande uit 9 kinderen, werd in het ziekenhuis het onderzoek uitgevoerd. De 
resultaten zijn in de hoofdstukken 5, 6 en 7 beschreven. 
Groep I bestond uit een groep al lergische kinderen met astma, met een amplitude i n  
PEFR waarden van 20% of meer en  groep I I  bestond eveneens u i t  een groep allergische 
kinderen met astma. maar met een amplitude van minder dan 1 5%. 
Andere insluitingscriteria voor de twee groepen astmatische kinderen waren een 
overdag gemeten geforceerd een-seconde volume (FEY 1 ) uitgedrukt als percentage van 
de voorspelde waarde van tenminste 70%, al lergie voor huisstofmijten, en een 
toegenomen prikkelbaarheid voor histamine. 
De k.inderen van groep II en de controles waren gematched met groep I op basis 
van de leeftijd. 
In dit hoofdstuk warden het volledige studieprotocol (Fig. I ), de provocatietech­
niek.en en de laboratoriumbepalingen van adrenaline, noradrenaline en N•-methylhista­
mine beschreven. 
Geen geneesm i dde len  op de stud i edagen 
Thu  i s  Z l ekenhu i s  
p p p H HSM I 
4 5 6 4 5 6 7 8 4 
Fig1111r I :  studie protocol van de twee patienten groepen. P=PEFR, H=histamine 
inhalatie provocatie, HSM=hui�stofmijt provocatie, I=inspannings test. De pijl geeft de 
eerste opname dag aan . 
In hoofdstuk 3 berekenden we of een PC IO en een PC 1 5  histamine even reprodu­
ceerbaar zijn als de PC20 bij het bepalen van de mate van bronchiale prikkelbaarheid bij 
kinderen met astma. Er werden op twee opeenvolgende dagen om 8.00 uur histamine­
inhalatie-provocatie tests verricht. We vergeleken PC 10, PC 1 5  en PC20 waarden van 1 2  
kinderen op dag 6 e n  7 van het protocol . e n  zagen dat deze drie parameters ongeveer 
even reproduceerbaar zijn. We concludeerden dat een daling van I 0% in FEY I waarden 
na hi �tamine provocatie voldoende is om de mate van bronchiale hyperreactiviteit bij 
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kinderen met astma te bepalen. 
De klinische implicatie van deze studie is dat wanneer eenmaal de diagnose CARA 
(chronische aspecifieke respiratoire aandoeningen) bij kinderen is ge:,teld. het 
vervolgen van de mate van bronchiale hyperreactiviteit kan gebeuren middeb een PCrn 
van histamine. Bij sommige kinderen zou dit als voordeel kunnen hebben dat de 
provocatie minder hinderlijk i:, en voor het longfunctie-laboratorium is het een voordeel 
dat de provocatie-procedure iets minder lang duurt. Een ander argument voor het 
gebruik van een PC 10 in plaats van een PC20 bij het bepalen van de mate van bronchi ale 
hyperreactiviteit is dat bij relatief gezonde personen een PC20 nooit gehaald wordt door 
de sigmoide vorm van de dosis-respons curve met een maximaal re:.pons plateau. Om 
de mate van bronchiale reactiviteit van gezonden en patienten met astma te kunnen 
vergelijken, zou het gebruik van een PCIO uitkom:,t bieden. 
Dit onderzoek geeft geen antwoord op de vraag of een PCIO of een PC 1 5  voldoende 
is om de scheiding tussen personen met en zonder astma te maken. Yerder onderzoek i'> 
noodzakelijk om verschillen in de diagnol>tische waarde van een PC 10• een PC 1 5  en een 
PC20 van histamine te bepalen. 
In hoofdstuk 4 wordt be!>proken welke parameters bij het herkennen van 
toegenomen nachtelijke bronchusobl>tructie behulpzaam kunnen zijn. Om deLe reden 
werd bij goed medicamentem ingestelde kinderen met astma onderzocht of het 
mogelijk was met behulp van overdag gemeten FEY I en PEFR waarden, of op geleide 
van de geneesmiddelen die nodig zijn om de Liekte onder controle te houden. de 
verslechtering te voorspellen van nachtelijke PEFR waarden nadat alle genee..,middelen 
gestopt werden. We wilden weten of benauwdheid!>klachten, of een vennindering van 
nachtelijke PEFR waarden, de eerste tekenen van ver:,lechtering zouden zijn. 
Orie dagen voor en tijdenl> de metingen die thuis plaats vonden. werden alle 
geneesmiddelen gestopt. Door de kinderen werden elke 4 uur. gedurende drie 
opeenvolgende dagen, PEFR metingen verricht. Op geleide van de amplitude van hun 
PEFR waarden werden de kinderen in groep I of II ingedeeld. 
Dit onderzoek laat zien dat het niet mogelijk i:, om op basis van overdag bepaalde 
FEY I of PEFR waarden, gemeten terwijl de kinderen nog op hun onderhoudsmedicatie 
ingesteld waren, te voorspellen welk kind zal reageren met een nachtelijke dating van 
de PEFR waarden na het stoppen van die medicatie. 
De kinderen met een amplitude van meer dan 20%. lieten na het staken van de 
medicatie een toename van de amplitude in PEFR waarden zien wanneer dag 4 met dag 
6 vergeleken werd. Deze toegenomen amplitude werd voornamelijk veroorLaakt 
doordat de nachtelijke waarden afnamen. We zagen dit niet bij de kinderen uit groep II 
gebeuren. 
Meer patienten met een grote amplitude dan die met een kleine amplitude bleken 
inhalatie corticosteroiden te gebruiken. Dit geeft aan dat, hoewel er geen anamnestische 
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verschillen waren tussen de patienten van groep I en II (alle kinderen waren goed 
ingesteld op hun onderhoudsmedicatie) en er geen verschillen waren in overdag 
gemeten longfunctiewaarden voordat de medicatie gestopt werd, deze kinderen in het 
verleden. vennoedelijk op klinische gronden, al� ernstiger astma patienten beschouwd 
werden. Het verrastte ons dat gedurende de metingen slechts drie van de zesendertig 
kinderen uitvielen. Hoewel de patienten en hun ouders geinstrueerd waren om contact 
met om op te nemen, en de medicatie weer te hervatten wanneer er benauwd­
heidsklachten optraden , vertoonde 47% van de kinderen die meededen, een behoorlijke 
daling van hun PEFR waarden \ nachts terwijl ze hun medicatie toch niet hervatten. Dit 
houdt in dat de toename in bronchusobstructie 's nachts onderschat wordt door zowel 
ouden, als kinderen. 
Anamnese en overdag gemeten PEFR waarden kort nadat de medicatie gestopt 
wordt, geven onvoldoende informatie over de verandering van het ziektebeeld. We 
adviseren om het effect van een verminderd therapeutisch regime op het ontwikkelen 
van nachtelijke bronchusobstructie te evalueren door thuis. s'morgens vroeg (08.00 
uur), de PEFR waarden te vervolgen. 
Hierbij dient speciaal gelet te worden op kinderen die ingesteld zijn op inhalatie 
cortico!->teroiden. 
In de hoofdstul,J.en 5. 6 en 7 wordt over de resultaten van de studies die in het 
ziekenhuis plaatsvonden gerapporteerd. Aile drie groepen bevatten 9 kinderen. 
In hoofdstuk 5 onderzochten we bij de twee hierboven gedefinieerde groepen 
kinderen met astma en bij hun controle groep, in hoeverre endogene factoren zoals 
circadiane veranderingen in catecholamine productie, gemeten als adrenaline en 
noradrenaline uitscheiding in de urine. circadiane veranderingen in vagusactiviteit, 
indirect gemeten als verandering in de hartfrequentie en "sinus arrhythmia gap" (het 
gemiddelde verschil tussen maximum en minimum hart frequentie per minuut), en 
circadiane veranderingen in het vrijkomen van histamine, gemeten als de uitscheiding 
van NLmethylhistamine in de urine. kunnen bijdragen tot de nachtelijke daling van 
FEV 1 waarden. 
We zagen dat de Nt-methylhistamine-uitscheiding bij groep I over de hele linie 
groter was dan in beide andere groepen, en bij groep II was deze weer groter dan bij de 
controles. We vonden bij groep I dat de Nt-methylhistamine-uitscheiding 's nachts 
toenam, in tegenstelling tot bij beide andere groepen. Deze resultaten suggereren dat de 
nachtelijke toegenomen bronchusobstructie het gevolg is van het 's nachts in 
toegenomen mate vrijkomen van histamine en mogelijk andere mediatoren. Onze 
bevindingen stemmen overeen met de onderzoeksresultaten van Martin et al.5 die bij 
volwassenen met een nachtelijke daling in FEY I waarden, in de broncho-alveolaire 
lavagevloeistof van 04.00 uur een toename zagen in aantal leucocyten, eosinofiele en 
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neutrofiele granulocyten, wanneer de aantallen vergeleken werden met die van I 6.00 
uur. 
Het verschil in N•-methylhistamine-uitscheiding zou exogeen bepaald kunnen zijn. 
We veronderstellen dat omgevingsfactoren overdag, en allergeen inhalatie in het 
bijzonder, 's nachts ontstekingsprocessen in de luchtwegen induceren. Een andere 
verklaring voor het verschil in N•-methylhistamine uitscheiding zou kunnen zijn dat 
FEY I en PC20 histamine waarden van groep I lager zijn dan van groep I I. hoe wet het 
verschil niet significant is. Mogelijk dat dit laatste het gevolg i-; van het kleine aantal 
patienten in de groepen. Bovendien gebruiken meer kinderen van groep I inhalatie 
corticosteroiden. Deze gegevens suggereren dat de kinderen uit groep I ernstiger al>tma 
hebben dan de kinderen uit groep II. Het is mogelijk dat dit verschil in ernst van de 
ziekte bepaald wordt door verschillen in expositie aan prikkelende factoren thui:-.. 
We zagen geen verschillen in variatie in vagusactiviteit tussen de drie groepen. Dit 
betekent dat vagusactiviteit, in tegenstelling tot bij volwal>l>enen.6 bij kinderen met 
asthma geen rol van betekenil, l,peelt bij de toegenomen nachtelijke bronchw,obl>tructie. 
Onze bevindingen worden onden,teund door de re:-.ultaten van andere onder?Oeken,. dat 
ipratropiumbromide, een anticholinergisch werkend geneel:,middel, de dating in FEY 1 
waarden 's nachtl:, bij kinderen met astma niet voorkomt,-t terwijl dit wel het geval i-; bij 
votwasl:,enen.J 
Ook werden geen verschillen van betekeni<; gevonden in catecholamine-uihcl1ei­
ding tussen de drie groepen. Bij alle groepen zagen we dat de uitscheiding overdag 
hoger was dan 's nachts. Dit geeft aan dat bij allergii,che kinderen met al>tma de 
catechotaminesecretie niet gestimuleerd wordt door toename van de mate van bronchu­
sobstructie en dat de catecholamine- spiegets onvoldoende zijn om de nachteli jke 
dating in FEY I waarden te voorkomen. 
In hoofdstuk 6 worden veranderingen in bronchiate hyperreactiviteit be-;proken. De 
toename in bronchiale hyperreactivieit 's nachts vindt op hetzelfde tijdi,tip plaatl> ab de 
dating in FEY I waarden-7 Het doel van deze l>tudie was om te onderzoeken of de 
nachtetijke toename in bronchiate hyperreactiviteit het gevotg il> van de nachtetijke 
dating van de longfunctie. 
Om deze vraag te beantwoorden werden elke 4 uur, gedurende 24 uur hil>tamine­
inhatatie provocatie-tests verricht. De provocaties begonnen om 08.00 uur. We zagen in 
beide groepen kinderen met astma, een nachtetijke toename in de mate van bronchiale 
hyperreactiviteit, ondanks dat de kinderen uit groep II nauwelijks enige daling in 
FEY 1 waarden voorafgaande aan de provocatie testl, tieten zien. Deze bevind ing 
suggereert dat toename van de bronchiale hyperreactiviteit op zich niet verant­
woordelijk is voor nachtelijke kortademigheidsklachten bij kinderen met astma, en het 
lijkt erop dat de circadiane variatie in de mate van bronchiale hyperreactiviteit een 
fenomeen is, dat onafhankelijk is van de verandering in longfunctie. 
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Deze studie laat tevens zien dat wanneer histamine-inhalatie provocatie-tests bij 
kinderen met astma elke 4 uur herhaald warden er geen tachyphylaxie geinduceerd 
word!, zoals dat wel gemeld wordt bij volwassenen met astma.8 De 08.00 uurs waarden 
van de PC20 histamine op studiedag 6 en 7 waren vergelijkbaar. 
In groep I zagen we dat wanneer dag 4, de eerste opname dag, vergeleken werd met 
dag 6, er een afname in de amplitude van FEY I waarden was. Dit was in tegenstelling 
tot de bevindingen thuis, waar juist een toename in de amplitude van PEFR waarden 
gevonden werd. Er traden wederom geen significante veranderingen op in de 
longfunctieparameters van groep II. 
Waarom kinderen met ai.tma met een grote amplitude van hun longfunctiepara­
meters gevoeliger zijn voor verandering van omgeving is niet duidelijk. Mogelijk dat 
deze groep thuis meer aan bronchusobstructieve prikkels blootgesteld is, en dat deze 
contacten overdag aanleiding zijn voor nachtelijke bronchusobstructie. 
Behalve endogene factoren, 1-.unnen ook exogene factoren bijdragen tot de nachte­
lijke toename in bronchu�obstructie. 
In hoofdstuk 7 wordt onderzoek besproken waarbij beide groepen kinderen met astma 
met hui!.!.tofmijt inhalatie en inspanning geprovoceerd werden. Yerondersteld werd dat 
kinderen met astma die 's nachti, ernstiger bronchusobstructief waren, vaker late 
obstructieve reacties (LOR) doormaken. We onderzochten of er verschillen bestonden 
in het bronchusobstructieve reactiepatroon nadat beide groepen kinderen met astma 
geprovoceerd werden met huisstofmijt inhalatie en inspanning. Bovendien werd onder­
zocht of de mogelijke verschillen tussen de groepen kinderen met astma veroorzaakt 
werden door verschillen in adrenaline en noradrenaline respons, of in verschillen in NL 
methylhistamine uitscheiding. 
De resultaten van het onderzoek bij beide groepen kinderen met astma werden 
vergeleken met de waarden van de controle groep na inspanning. 
Er werden in beide groepen kinderen met astma geen verschillen in bronchusob­
structief reactiepatroon gezien na het toedienen van beide prikkels. Na huisstofmijt­
inhalatie lieten alle kinderen een vroege, en bijna alle kinderen een late obstructieve 
reactie (EOR en LOR) zien. Vijf kinderen uit groep I en 6 uit groep II vertoonden een 
EOR na inspanning. In tegenstelling tot andere bevindingen in de literatuur werd geen 
LOR na inspanning gevonden.9. 1 0  
De catecholamine uitscheiding in  de  urine was na  beide provocaties minder in  
beide groepen kinderen met astma, in  vergelijking met de  waarden van de controles na 
inspanning. Groep II had een grotere respons dan groep I. Aangezien groep I, zoals al 
eerder besproken werd, beschouwd kan warden als de groep met emstiger astma, lijkt 
het erop dat de mate van beperking van catecholamine-uitscheiding gerelateerd is aan 
de emst van de ziekte. 
Gedurende de rest van de dag, en in het bijzonder gedurende de LOR na huisstof-
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mijt-provocatie, werd geen toename van catecholamine uitscheiding gezien. Deze 
bevinding suggereert opnieuw dat bronchusobstructie, zelfs als deze ernstig is, de 
catecholaminesecretie niet stimuleert. 
Er werden geen significante verschillen in Nt-methylhistamine uitscheiding gezien 
tussen de drie groepen gedurende en nadat de prikkels waren toegediend. Tijdens de 
EOR na huisstofmijt provocatie werd bij beide groepen kinderen met astma een 
gemiddelde, niet significante stijging gezien. Deze bevinding wijst in de richting van 
onderzoeks resultaten van anderen, 1 1 - 1 2  waarbij wel een significante stijging gezien 
werd. Er werd geen toename van Nt-methylhistamine uitscheiding gezien tijdens de 
LOR. Deze bevindingen suggereren dat de EOR, in tegenstelling tot de LOR, gepaard 
gaan met het vrijkomen van histamine. 
Slot conclusies 
Wij concluderen dat de nachtelijke daling in de longfunctie door patienten en hun 
ouders onvoldoende herkend wordt, en dat overdag gemeten PEFR en FEY I waarden 
onvoldoende zijn om de nachtelijke verslechtering in de longfunctie bij kinderen met 
astma te voorspellen wanneer de medicatie gestopt wordt. Het vervolgen van PEFR 
metingen om 08.00 uur, nadat een therapeutisch regime veranderd is, kan het optreden 
van nachtelijke bronchusobstructie herkenbaar maken. 
De toename in histamine-uitscheiding 's nachts lijkt van belang te zijn voor het 
ontstaan van de nachtelijke daling in FEY I waarden. De orthosympatische activiteit is 
onvoldoende om de nachtelijke daling in FEY I waarden te voorkomen. Yagus activiteit 
is, in tegenstelling tot bij volwassenen met astma. niet van belang voor de nachtelijke 
toename in bronchusobstructie. 
De variatie over 24 uur in bronchiale hyperreactiviteit bij kinderen met en zonder 
toegenomen bronchusobstructie 's nachts is vergelijkbaar, hetgeen suggereert dat de 
circadiane variatie in de mate van bronchiale hyperreactiviteit onafhankelijk is van de 
mate van bronchusobstructie. 
We zagen dat na huisstofmijt-inhalatie en na inspanning er een verzwakte adrenerge 
respons was bij beide groepen kinderen met astma, die gerelateerd lijkt te zijn aan de 
emst van de ziekte en niet aan de mate van bronchusobstructie tengevolge van beide 
prikkels. 
Beide groepen allergische kinderen met astma vertoonden vergelijkbare reacties op 
exogene prikkels. Dit, tesamen met de bevinding dat na het stoppen van de medicatie 
thuis de amplitude van de longfunctie toenam, terwijl in het ziekenhuis het omgekeerde 
gebeurde, suggereert dat nachtelijke bronchusobstructie bepaald wordt door exogene 
factoren. Het is de moeite waard om toekomstig onderzoek hierop te richten. Metingen 
van allergeenconcentraties in de leefomgeving van kinderen met en zonder toegenomen 
bronchusobstructie 's nachts zouden de vraag kunnen beantwoorden of allergeen 
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expositie inderdaad de toename in amplitude van de longfunctie bepaalt. Ook seizoens­
variaties in de circadiane amplitude van de longfunctie kunnen meer inzicht verschaffen 
over het exogeen bepaald zijn van de nachtelijke dating in de longfunctie. 
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